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SUMMARY OF SAFETY AND ~~E~T~V~N~SS 

\ I. GENERAL INFORMATION 

Device Generic Name: Siheone Gel-Filled Mammary Prostheses 

Device Trade Name: Mentor Low-Bleed Gel-FiIled Mammary Prostheses 

Applicant: Mentor Corporation 
20 I Mentor Drive 
Santa Barbara, California 9311 I 

Premarket Approval (PMA) Application Number: To be determined 

Date of Pane1 Recommendation: To be determined 

Date of Good Manufacturing Practice inspection: To be determined 

Date of Notice of Approval to Applicant: To be determined 
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EXECUTIV-E SUMMARY 

Mentor Corporation 
Gel-filled Mammary Prosthesis 

This Mentor PMA submission for Gel-filled Mammary Prostheses covers three product lines - 
Moderate Profile Gel (smooth and’ Siftex styles), Mbderate PIus Gel (smooth and Siitex 
styles), and High Profile Gel (smooth and Sihex styles). The proguct. fines differ in their 
amount of projection and width but are all fabricated using the saine materials, basic 
components, and processes. A generic gel-fIlled mammary sketch with all components shown 
has been provided, as well as a list of the raw materials used in each device component, the 
packaging, and major processing materials. 

A review of published pre-clinical testing on the toxicity of silicone is provided. Much of this 
information was derived from the Institute of Medicine’s Conm&tee.~on the Safety of Silicone 
Breast Implants report published in 2000. Additional information published since that 2000 
report are also provided, as well as information on known extractable materials not mentioned 
in the report but determined to be present through Mentor’s chemical extractables testing on 
finished devices. The Iiterature not only provided information on the toxicity levels for 
individual extractable compounds, but also provided an overall conclusion about the 
toxicological safety of gel-filled m:arnmary implants. The Institute. of Medicine’s reporti 
concluded the following: 

“Studies using whole fluids, gels, elastomers, or experimental implant models 
injected or implanted in ways that are directly relevant to the human 
experience with implants are also reassuring. These studies show that depots 
of gel, whether free or in implants, remain -almost entirely where injected or 
implanted. Even low molecular weight- cyclic and linear silicone fluids appear 
to have low mobility. Haif-lives of low molecular weight silicones in body 
fluids and tissues have been measured infrequently, but known values appear 
to be on the order of 1 to 10 days. Ingeneral, there do not appear to be long- 
term systemic toxic effects from silicone gel implants or from unsuspected 
compounds in these gels or elastomers detected by these anirn;iil experiments.” 

Mentor uses many standardized acute and longer-term toxicity tests on its raw materials, 
components, and finished products. Because these tests are used so often, a section of this 
PMA describes in detail how these individual tests are performed by Mentor’s testing vendors. 
The types of test procedures summarized include cytotoxicity tests, mouse systemic toxicity, 
rabbit intracutaneous toxicity, hemolysis, material mediated pyrogenicity, guinea pig 
sensitization (maximization method), bacteria1 mutagenicity (Ames test), and implantation 
tests of varying time lengths. 

In order to demonstrate that the raw materials used to fabricate Mentor% Gel-filled Mammary 
Prostheses have no obvious biological incompatabilities, a detailed summary of biological 

’ Bondurant, S., Emster, V., Herdman, R. 02000. Sal;ep of Silicone &east Imphis. Committee on the Safety of 
Silicone Breast implants, Division of Health,Promotion and Disease Prevention, institute of Medicine. 
(Washington, D.C., Nationai Academy Press) pp 1 SO - 18 I. 
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tests performed on the raw materials which comprise the device. i 2 packaging, and major 
processing materials has been provided, The results of the testing sh ed that those materials 
passed the biological screening tests and were therefore deemed aceept&le for use in these 
devices. The screening tests were performed by either Mentor or the vendors of those 
materials who then usualIy included {hose test results in a FDA Master Access File. 

The final part of this PMA submission contains the results of biological tests performed on 
finished device gel-filled mammary prostheses or components from finished devices when 
full device testing was not possible. In order to ensure that fi;rrished product biological testing 
encompasses all components and materials found in aII the styles of gel-filled mammary 
prostheses, Mentor has conducted testing on a selected set of finished devices (and 
components in some cases) chosen to represent the till range of components and materials. 
Therefore, not all final configurations and sizes of these devices have undergone separate 
biological testing. Also, much of Me&or’s more sofihisticated and longer term biological 
testing was performed on devices in the early to mid-19903 with si8iccne materials from 
different vendors than the current ones. Based upon FDA’s Guidance for Manufacturers of 
Silicone Devices Affected by Withdrawal of Dow Coming Silastic Materiais, the newer 
silicone vendors demonstrated that their replacement materials were not substantially different 
from the Dow Corning materials and Mentor demonstrated the equ$v@ence of the finished 
devices made with both sets of materials. For that reason, the finished device bioIogica1 
testing using older silicone materiaIs is still directly applicable fa the current Mentor Gel- 
filled Mammary Prostheses. 

Mentor has performed sterile product acute toxicity testing on devices made with current 
vendor silicone gel material as well as Low Bleed she11 material. Extractfs) from the device 
passed the following tests: IS0 elution, IS0 agarose overlay, IS0 acute systemic toxicity, IS0 
acute intracutaneous reactivity, hemoiysis, materia1 medisited pyragenicify, bacterial reverse 
mutation assay, UnscheduIed DNA synthesis in mammalian cells, and chromosome aberration 
assay in Chinese hamster ovary cells. 

Patch components with 111 markings for identification purposes. have been tested by IS0 
elution, IS0 acute intracutanetius reactivity, IS0 acute systemic toxicity, and IS0 
sensitization (maximization method). Only device patches were tested because only they are 
marked by - There were no material toxicity issues. 

Device Low Bleed shells made from previous silicone _vendor materials have been tested by 
immunological evaluation (including effects on the mouse immunolo ical system, production 
of tissue antibodies in mice implanted with the material, and serum bytokine levels in mice 
implanted with the material), adjuvancy assay using particles partly made from the textured 
surface material, two generation reproduction/teiatog&city assay, and chronic 
toxicity/carcinogenic&y assay, The results of these tests showed no immunological issues or 
changes in the mouse immunological system caused by the she!j material, no significant 
adjuvancy potential of the particles,. and no reproductive, teratogetic, or chronic toxicity 
issues due to the shell material. 
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Silicone gel from devices has been tested by Mentor, the gel vendms and others for acute 
toxicity, mutagenicity, immunotoxic$y, adjuvancy, reprodu~tio~te~~~genicity, and chronic 
toxicitykarcinogenicity. The testing; results showed no toxicity issues due to the geS except 
for an adjuvancy potential when gel is mixed with an antigen. Additional testing showed that 
gel has no adjuvancy potential when it is not mixed together with the antigen in an emulsion- 
like state prior to being administered: to the animal. This latter state is much more similar to 
the clinical setting than forming an emulsion with gel. and an antigen. For that reason, gel in 
mammary prosthesis is not believed to be an adjuvant. 

Taken together, the resuhs from Mentor’s broad battery of biological/to.xicological testing, 
along with a review of informatian from available literature, confirms the biological safety of 
Mentor’s Gel-filled Mammary Prostheses for their intended use. 
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INTRODUCTXON AND TESTING RA 

This section of the Mentor’s Gel-Filled Mammary Prosthesis PMA describes the 
biological/toxicological testing performed on the sterile finished devices, raw materials, and 
components used to make these devices, in order to verify their biological safety. The raw 
materials testing is meant to initially verifj~ that a chosen material has no obvious biological 
incompatibilities. The finished device testing is meant to verify that .the materials in the 
configuration of the device (after its full manufacturing and sterilization processing) have no 
biological incompatibilities. Component testing is used in place of full product testing for 
those biological tests where it is not practical or possi,ble to test the whole device, 

Mentor’s battery of biological tests is listed, in the following table: 

Blood co~patibili~ 
Pyrogenicity 

Irritation 
Implantation rea,ction 

Sensitization 
Acute through chronic toxicity 

Mutagenicity 
Carcinogenic&y 

Reproduction and teratology 
Immunotoxicity 

Adjuvancy 

The above list of biological testing areas encompasses classical methods of analysis for 
general materials biocompatibility and more recently developed methods for assessing 
silicone biocompatibility. The latter state-of-the-art testing methods were developed and 
employed as a result of the recent silicone materials biocompatibility controversy. 

This biological section of the PM~A is organized in the following manner. Following a short 
executive summary, this introductory section details Mentor’s testing ratknale. This section 
is followed by a device description section including schematics of the devices along with a 
list of the raw materials used in each device component (Section ZII); Section IV reviews the 
published literature on the toxicity of silicones and gel-filled breast implants as well as those 
raw materials used to make or extractable materials which come from, gel-filled mammary 
prostheses. Section V contains a description of each standard biocompatibility test method 
Mentor has historically used. Sektion VI describes the actual.testing and results of each test 
performed on every major raw material used in the manufacturing of gel-filled devices 
(including processing aids). Section VII details Mentor’s biological tksting on sterile finished 
devices or components taken from sterile finished products. And finally, Section WI 
summarizes the toxicology/biocompatibility, data, indicates how it addresses the safety issues 
that have been raised for silicone elastomer materials, and confirms that the gel-filled 
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mammary prostheses are biologically safe for their intended use. Section IX is the 
Appendices and contains copies of a11 reports and documents mentioned in this BioIogical 
Section of the PMA 

It should be noted that because Dow Corning will no longer alfow many long-term implant 
device manufacturers to access their material master access files, some testing data previously 
avaiIabIe to the FDA in these files may no longer .be referenced. Nevertheless, the extensive 
biological testing provided in this PMA gives sufficient inforrnxatlofi to confirm the pre- 
clinical biological safety of Mentor’s ,Smooth and Siltex Gel-Filled Mqma.ry Prostheses. 

Mentor manufactures smooth and textured styles of gel-filled mammary prostheses in an array 
of sizes and shapes. In many cases, the same, materials are used for the same components in a 
number of device styles, and similar processing conditions are used to assemble the different 
final devices from these components. In order to ensure that fimished. product biological 
testing encompasses a11 ,components and materiais found in all .&e styles of gel-filled 
mammary prostheses, Mentor has conducted this testing on a selected set of finished devices 
chosen to include the full range of components and materials. As a result, the testing data on 
Smooth Moderate Profiie Gel-filled devices, for example, are dso, applicable to High Profile 
and Moderate Plus Smooth Gel-filled devices because the only major difference ‘in their 
manufacturing procedures is the shape of the dipping mandrel used to ‘form the smooth shell. 

Finally, this biological section of the I PMA also addresses the issue of ‘Mentor’s replacement 
of certain materials as a result of Dow Corning and other manufacturers’ withdrawal as 
vendors of Iong-term implantable materials for use in medical devices. It is important to note 
that due to this unforeseen emergency need for wholesale ~pla~ement of several key 
materials, the testing results presented in this PMA section often inv$ve devices constructed 
from Dow Coming and other no longer available ~materials. In accordance with FDA’s 
“Guidance for Manufacturers of Silicone Devices Affected by Withdrawal of Dow Coming 
Silastic Materials,” the new materiai suppliers and Mentor have conducted testing of the 
replacement raw materiaIs to confirm that they are not substantialty ,different from the 
previously approved material. The biologica testing results a’long *with finished device 
chemica1 extractables data confirm’ that the materials are “not substantially different,” 
therefore, the previously conducted testing is’directly relevant to the qtrrent products with the 
replacement silicone materials. ’ 



All three Siltex gel-filled product lines-utilize the same materials and processes for the shell, 
textured surface, gel, patch, and other minor components. All three smooth gel-filled product 
lines utilize the same materials and processes for the shell, gel, patch, and other minor 
components. The different device shapes are achieved by using differently shaped mandrels 
to dip the shells. All styles (both smooth and textured) of all product lines in this PMA 
contain a basic smooth shell as one of its components (see Figures ,l and 2). 
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Mentor’s silicone gel-filled mammary prostheses come in three different variations in order 
to fit individual patient needs. The Moderate Profile Gel product line is available in both 
smooth and textured round styles and offers a moderate amount of projection. This product 
works well for patients who have a wider chest wall and is a good choice for most body 
types. It is currently the most camrtionly used of these products. 

The Moderate Plus Gel (available in both smooth and textured round styles) is intended for 
patients who require more projection and a slightly more narrow base’ width. This product is 
an in-between choice if the Moderate Profile Gel is too wide for a given patient and the High 
Profile Gel is too narrow. The degree of projection isin-between the two other products as 
well. 

The High Profile Gel (available in both smooth and textured roux@ styles) is intended for 
patients with a narrow chest wall who are seeking more projection. This is especially relevant 
in reconstruction when the doctor is trying to match the opposite (non-reconstructed breast) 
and needs a certain volume imphtnt to achieve symmetry. 

All gel-filled mammary prostheses are sold packaged in double. sealed thermoforms each 
with a Tyvek lid and = sterilized. ) Devices are shipped to customers in individual 
boxes. 

The following table details the catalog numbers for each s#yle of each product line and 
provides their range of sizes available: 
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Figure I Smooth Round Gel-Fifled Mammary Implant 
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Figure 2 Siltex Round Gel-Filled Mammary implant 
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GEL-FILLED MAMMARY PROSTHESES RAW MATERIALS 

Mentor Corpora&n 
Gel-filled Mammary Prosthesis 

Smooth Shell 

Shell Textured Layer*, Patch, 
Patch Fill Reinforcement 

’ - Component only present on Siltex Gel-filled Mammary Prostheses 
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GEL-FILLED MAMMARY PROSTHESES RAW MATERIALS (cont.) 

Mentor Corpol crl 
GeLfilled Mammary Prosthesis 



. . 
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GEL-FILLED MAMMARY PROSTHESES RAW MATERIALS (cont.) 

Component Material Name(s) Part 
Number(s) 

Indirect Manufacturing 
Materials** 

a 

-4 

, . .I 
** - not Dresent In the frnlshed device. cont,cts comoonents durtna m 

400018-001 

500044-001 

400034-001 

400516-001 

400065-001 

400006-00 I 

400447-001 
400447-002 

1030~8-017 
through 

103028-048 8 
103066-00 1 

through 
103066-020 
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The safety information provided by the preclinical data for Mentor Silicone Gel-Filled 
Mammary Prostheses presented in this report is further supplemented by extensive information 
available in the published scientific and medical literature. A “full literature review, 
incorporating human clinical data, epidemiological findings, as well as pertinent animal data - 
and covering the fuI1 range of potential safety issues - will beinclud+ in Mentor’s upcoming 
clinical moduIe of this PMA submission. The focus of the literature&formation presented in 
this module, however, is specifically on providing a background of current knowledge in 
preclinical toxicology of siIicone materials. The findings of Mentor’s own preclinical studies 
presented in this module are supplemented by this preexisting body of Information. Taken 
together, these preclinical data on silicone gel-fiIled breast implants, and their constituents 
provide confirmation of the safety of these devices. Based on their review of the preexisting 
body of scientific and medical literature, a multidisciplinary panel sf scientific and medical 
experts commissioned by ~the Institute of Medicine concluded that, “%I general, there do not 
appear to be long-term systemic toxic effects from silicone gel implqnts or from unsuspected 
compounds in these gels or elastomers detected by these animal experiments.” 

The Institute of Medicine Committee on ‘the Safety of Silicone Breast Implants is but one of 
three highly respected panels of scientific and medical experts that have come to essentially the 
same conclusions regarding the safety of these devices. (The other two panels were the 
Independent Review Group of the Medical Devices Agency of the U.K. and the National 
Science Panel commissioned by Judge Painter in the ME-926 litigation ) 

In 1997, the Department of Health : and Human Services contracted; with the lnstitute of 
Medicine (IOM) of the Nbtional Academy of Sciences to conduct s&t ..independent review of 
past and ongoing research on silicone breast implants. Sources of funding for this detailed 
investigation included the Office of Women?s HeaIth of the Food and Drug Administration. 
The I3-member committee included‘ experts in the fields of preventive and internal medicine, 
nursing, family and women’s health, rheumatology, clinical and basic, research, epidemiology, 
immunology, neurology, silicone chemistry, toxicology, breast and other cancer, plastic surgery 
(the expert’s practice was self limited to pediatric surgery), and radiology or mammography. 
Active steps were taken by IOM to avoid conflicts of interest in constituting the committee. 
The scope of the resulting IOM report, 5’afery ofSi&mze Breas! .Zmpkcfnt,s, ,published in 2000 is 
broad, and includes detailed evaluation of preclinical toxicology studies:on silicone fluids, gels 
and elastomers, as well as other constituents of silicone gel-filled br&@ implants, which are’in 
most cases identical to or nearly identical to those materials present in ‘Mentor Silicone GeI- 
Filied Mammary Prostheses. Chapter 4 of the IOM report, entitled Silicone Toxic5iogy, 
provides a detailed peer-reviewed’ expert evaluation of the available information (primarily 
preclinical) pertinent to the toxicology of silicone materiaIs. The full content of Chapter 4 is 

’ Among the external reviewers of the report was John Doull, M.D., editor eme&tus af the primary textbook in the 
field of toxicology, Casarett and DoulI’s Toxicology: The &sic SWenct of Poisqs. 
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presented beIow, along ivith Mentor’s own annotations (clearly identified) which provide 
supplemental information,. some of which was published very recently: 

Silicone Toxicoi?gyZ 

SCOPE AND CRITERIA FOR THE TOXICOLOGY RE 

This chapter reviews studies of the toxicology of silicope compounds carried 
out over the past 50 years. It does not review” immullalogica~ studies, except 
occasionally when immune system toxicology is part of a report covering other 
toxicology. Otherwise, immunological studies are discussed in Chapter 6.’ 
Silicone cotipounds include a great many chemical entities; a recent 
compilation lists : toxicological data on 56 different siloxanes (Silicones 
Environmental Health and Safety Council, 1995). This chapter identifies 
silicone compound’s as they are listed in individual reports, but it is organized by 
route of exposure not by type of compound. Silicone fluids, gels, arid elastomers 
are covered since they are components of silicone breast i&plan&. 

Although the most reIevant exposures are reviewed, that is, tissue injections and 
subcutaneous implants, the committee, unlike other recent rq+ews, (Kerkvliet, 
1998) also decided to include other (nonimplantation) exposure: routes, such ,as 
dermal, oral, and inhalation, sin&e data from such studies mai provide some 
insights into systemic silicone ‘toxicology. The committee included citations on 
the toxicology of silica in the reference list of this report,, because there has been 
considerable mention of silica as a component of -breast implant elastomers. 
However, the toxicology of siliica- is not -reviewed h&-e ‘because the commdttee 
found no valid scientific evidence, for the pre&znce of or ex.posGre to silica in 
tissues of women with breast !implants.4 Some compounds nor found in breast 
implants (and~identified as such) are included briefly, some&mes to complete a 
survey of silicone species and other times because they have been mentioned in 
the current debate on the toxic effects of implants. It is impotiant to note that 
toxicology studies often report silicone dose levels substantially In excess of any 
doses that could be achieved on a relative weight basis in women with silicone 
breast implants. 

* Chapter 4 from: Bondurant, S., V. Ernster and R Herdman, Eds. Q2000. Safety of SjJicone Breast Zmplanfs. 
Committee on the Safety of Silicone Breast Implants, Division of Health Promotiori and.Disease Prevention, 
Institute of Medicine. (Washington, D.C., National Academy Press). Thefuil text of &is chapter and the entire 
IOM report are available online LYE www,nap. +h~. 
3 Mentor Annotation: A detailed, evaluation of,studies kvolving potential immunolugi;& and neurological effects 
of silicone, most of which include human data, wifI be included in the upcoming Clinical data module of Mentor’s 
PMA submission. 
4 Mentor Annotation: Mentor concurs with the view of IOM that there is no evidence of exposure or release of 
silica from the elastomer shells of siliconem&pmary prostheses. Mevertheless, the issue ofpotential biological 
effects of silica, which involves human data as well as animal data, will be addressed in the full literature review 
accompanying the upcoming Clinical module of this PMA submission. 
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Earlier in this report, the committee emphasizes ‘the relevarlce of published, 
peer-reviewed scientific reports and assigns secondary importance to technical 
reports from industry. In this chapter, however, studies’ done in-house by 
industry or by commercial testing laboratories have been analyzed.~Such reports 
are often reviewed first in-house, then by the sponsor and panels of outside 
experts, and eventually by a regulatory agency, which also Iooks at original 
data. The conflict of interest inherent in experimentation by. an organization 
with an economic interest in the. outcome is recognized. Nevertheless, the 
committee found many of industry’s technical studies informative, useful, and 
consistent with sound science. The studies cited. here consisted of about 50 
individual articles from the open scientific literature between 1948 and 1999 
and about the same number of industry technicaI reports. Reviews available to 
the committee summarized d&a from some reports not reviewed. by or not 
available to the committee. For example, the Silicones Environmentcal I-Iealth 
and Safety Council (1995) examined may reports on various organic silicon 
compounds that are not found in breast implants and reviewedsome reports not 
accessible to the committee. This review was useful in. presenting an overall 
picture of the generally low toxicity of silicones and identifying particular 
compounds that had toxicity. The report of the Independent Review Group 
(IRG, 1998) (and earlier versions of the Medical Devices Agericy’i work), and 
the report of the National Science Panel (Kerkvliet, 1998) which are described 
in Appendix C looked at essentially the same body of toxicology information as 
the committee. The IRG report included proprietary data not available to the 
committee, and as noted, the committee examined routes of exposure and listed 
silica references neither of which are included in the IRG or National Science 
Panel reports. Since the IRG, which had some proprietary data, concluded that 
silicones were bland substances with little toxicity, such data seem unlikely to 
have changed the committee% findings in any substantial, way. Also, the 
committee believes that the inch&en of derrnai, oral and inhalation toxicology 
studies in this report provided additional security in conch&ions about the 
biological and toxicological behavior of relevarrt silicones. 

Kerkvliet lists three major reasons why toxicology, studies are heIpfu1 in 
assessing the safety of a drug or consumer ‘product such as silicone breast 
implants. (1) Toxicology studies in animals may identify a: hazard-that is, 
whether a given product can cause adverse health effects. (2) Studies may also 
clarify dose responses -that is; how much of’ an entity is necessary to produce 
effects. (3) Studies may provide mechanistic information-that is, how and 
under what circumstances an agent produces *effects (,Kerkvljet, 1998). Such 
studies, reviewed here, will not “fulfill the manufacturers’ responsibility to 
demonstrate the safety of . . . impIant& as Kessler urged in 1992 (Angell, 1993, 
since unanticipated events cannot be predicted or compIete safety proven. 
Accumulating. qualitative and. quantitative data on the general toxicity of 

’ Mentor Annotation: The demonstration of the safety of Mentor’s silicone gei--filled mammary prostheses is 
provided by the full content of tee PMA submission of which this module is a part. 

14 



CONFIDENTIAL Mentor Corporation 
Get-filled Mammary Prosthesis 

silicones, however, allow a zreasonabIe degree of confidence that silicone 
compounds in breast implants are not hazardous. 

BRIEF HISTORY OF SILICONE TOXICOLOGY 

The principles of safety evaluation have not changed much over the past 50 
years. However, analytical tools, the ability to measure chemicals in the body, 
and the science of molecular bi.ology, which allows association of complex 
changes in a few cells or molecules with various disease states; have advanced 
considerably. These advances affect evaluations of the toxicology of silicones 
over time and are reflected in more recent studies. 

One of the first (if not the first) systematic evaluations of the toxicology of 
commercial silicones was conducted during World War IX at the Dow Chemical 
Company. Silicone intermediates4chlorosi-lanes and ethoxysilanes) and selected 
commercial silicones were tested in rats, rabbits, and guinea pigs. The 
chlorosilanes and some ethoxysilanes were found to be highly corrosive; they 
represented significant industria1 handling hazards. Methyl- and- mixed methyi- 
and phenylpolysiloxanes, on the other hand, had very low toxicity. For practical 
purposes, they were divided into three groups: fluids, compounds, and resins. 
Five methylpolysiloxane and two methylphenyipolysiloxane ff uids were tested 
(hexamethyldisiloxane, 0,35 centistoke [cS]; dodecameth~l~pen~asil~x~e, 2 cS; 
DC 200 fluid, 50 cS; DC 550 fluid; 550 cS; DC 702 fluid, 35 cS; DC 200 fluid, 
350 cS; and DC 200 fluid, 12,500 cS). None of these killed rats .or Iguinea pigs 
when given orally at doses up to 30 ml/kg. Some of the fluids had laxative 
effects not unlike mineral oil. ‘DC 200 fluid (50 cS) “seemed l&erally to flow 
through the animals.” The fluid with the loyw!st viscosity 
(hexamethyldisiloxane; 0.65 cS) did not havea laxative effect;’ but produced 
some mild inebriation and subsequent central nervous system depression. This 
suggests that there might be some absorption of this compound from the 
gastrointestinal tract. Repeated administration’ of DC 200 oil (350 cS) by 
stomach tube, up to dose levels. of 20 g/kg, did not produce gross signs of 
toxicity such as reduced weight gain, changes in organ weight, or organ 
pathology. 

Intraperitoneal injection was well tolerated, except for hexamethyldisiloxane, 
which produced extensive adhesions ‘within the peritoneal cavity. This 
compound also produced inflarmnation and necrosis at the sitesof subcutaneous 
and intradermal injections and‘ .proved lethal on repeated’ intraperitoneal 
injections. Other silicone ‘fluids in the peritoneal cavity elicited only reactions 
“typical , . . of an irritating foreign ,body” with nodules containing the fluid in the 
omentum and visceral peritoneum. Eye irritation was transitory and no skin 
irritation was observed with these ffuids (Ro’we et al., 1948). 

Shortly after the report by Rowe et al,, Kern et pal. ( 1949) reported their results 
from feeding rats 0:05%-0.2% silicone-containing diets (a paly~imethylsiloxane 
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[PDMS], G,E. D&Film, No.. 9977) and injecting silicone suspensions at 
unknown (but probably low) doses, intraperitoneally and intravenously in mice, 
and intra- and subcutaneously and in the muscles of rabbits. Hematological and 
gross and microscopic pathology examinations after 13 weeks were all normal, 
and the animals had no loss in’body weight or,other.sigus of oxicity (Kern et 
al., 1949). 

Two silicone compounds (DC 4 Ignition sealing compound and DC Antifoam 
A) were examined..Both agents caused transient conjunctival irritalion, but no 
cornea1 damage when introduced directly into the eyes. No ,skin irritation was 
seen, Feeding of Antifoam A at concentrations up to l%to rats did not produce 
any untoward effects. In a six-month feedings study in dogs, Antifoam A also 
exhibited no toxicity (Child et al., 1951). Three types of silicone resins (DC 
2 102, a methylpolysiloxane, DC 993, a m~thyIphe~ylpolysilox~ne; and DC Pan 
Glaze, which was similar to DC 993) were evaluated. Acute oral administration 
of up to 3 g/kg in guinea pigs was not toxic (higher closes -could not be 
administered), and intraperitoneal injection in rats or dermaf application in 
rabbits produced no signs of irritation. Rats fed Pan Glaze at concentrations up 
to 3% for 50 days gained weight normally, and on microscopic examination, 
their organs did not show any signs of toxicity (Rowe et al:, 1948;1950). 
The studies described by Rowe et al. (1948). reflect state-of-me-art toxicity 
testing at that time. They were done in a respected laboratory by competent 
toxicologists. The untoward effects observed with some compounds did not 
alarm toxicologists. These effects were found only after exposure to high doses 
of the test agent. According to an old classification, substances with a probable 
human lethal dose in excess of 15 g/kg were considefed practically nontoxic 
(Casarett, 1975). These investigators commented that “for-the past few years, an 
attempt has been made to keep pace with the rapid development of these 
products so that toxicological information would be available upon which the 
health hazards of these materials could be evaluated.” Only a few selected 
samples from each class of compounds were studied, but the experimental 
toxicology of silicone compounds did not yield data that suggested a need for 
fundamental, mechanistically oriented experimentation. 

When these and some other early studies were reviewed in 1950, silicone fluids 
with a viscosity of 350 cS were described as having exceedi ly low toxicity. 
Some animal toxicity tests, such as oral and subcutaneous administration and 
eye irritation, were even performed on one of the authors of this study 
(Barandes et al., 1950). By then-current standards of toxicology, silicone fluids 
had to be considered harmless, devoid of any obvious acute toxic.,potential, and 
thus presumably safe. 
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THE CURRENT DATABASE 

A recent review of silicone toxicology summarized a stibstpr$al database 
(Silicones Environmental Health and Safety Council, 1995). This document 
does not list any references which makes it impossible to determine whether the 
data were published or to ‘discover when the studies were done. It is not 
possible, therefore, to evaluate adherence to ~modern good laboratory practice 
regulations, protocols, and procedural requirements. Carcinogenesis studies 
done before the mid- 1970s had different protocols and procedural requirements 
than later studies and, by today’s standards, must be considered less rehable. 
This may apply to other test systems as well. The Silicones Council review 
analyzed a total of 629 studies (see Table 4-l), more than half of them done 
with PDMS linears (Chemical Abstracts Service [CAS] ‘No. 63 148-62-9). 
Compounds that are of concern because a large number ofpeopie are exposed to 
them and because they are found in breast implants, that is, Dd and Ds (where 
D4 and D5 represent cyclic tetramer and pentamer, respectively), comprise 17% 
of studies. There are few chronic lifetime or carcinogenesis studies (iess than 3) 
and immunological studies (1esS than 5). Acute and sub-acute toxicity and 
irritation studies are in the majority (57). Some of the Silicones Council studies 
summarized briefly in this current database may also be reviewed subsequently 
in other parts of this chapter. As,,noted, this material presents an overall picture 
of silicone toxicity based on a general review of many data sources covering a 
wide variety of compoun&. Specific studies on breast implant compounds are 
relied on by the committee for conclusions relevant to the safety of silicone 
breast implants, however. 

RESULTS OF STUDIES IN FOUR. MAIN GROUPS 

Group I 

A: Dimethylsiloxanes 

A total of 123 reports on cyclic polydimethlsiloxanes (D3, Da, D,, and D6) were 
reviewed. These compounds are volatile and potentially of concern in 
manufacturing; however, they also are used in consumer products, ,such,as hair 
sprays, and are found in breast .implants, although in very lo& amounts (see 
Chapter 3). They are practically nontoxic on ingestion, dermal application, or 
inhalation, although they are mildly irritating when placed directly on the skin 
or in the eyes. Subacute gavdge studies showed that these cornpounds had no 
untoward effect other than a reversible. increase in liver weight due to increases 
in both cell number and cehsize at doses ranging up to 2,000 mg/kg. Skin 
application did not cause toxicity; however, some Ds penetrates the skin. No 
signs of toxicity were observed in subacute .and chronic in&&&on studies, 
except the development of hepatomegaly in some an~mai species, which was 
reversible on cessation of exposure. No evidence for carcinogenicity was found. 
Bacterial and mammalian mutagenicity studies were generally negative. 
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Developmental and reproductive studies failed to show teratogenic effects or 
effects on fertility, except when exposure conditions were high..enough to cause 
maternal toxicity in a rabbit: study with Ds- immunotoxicity was studied 
following intraperitoneal, intramuscular, subcutaneous, and den@ exposure. D4 
had a substantial adjuvant effect for humoral. but not cell-mediated immune 
reactions when injected subcutaneously. Pharmacokinetic studies showed that 
these compounds are absorbed following oral admin$ration or .inhalation, but 
that skin penetration is very poor. ‘Most of the compounds were excreted in the 
urine following intravenous administration. 

B: Linear Dimethylsiloxanes 

Fifty one reports on Lz, L3 and Ld (where L = linear polymer> were reviewed. 
Linear polymers of this size are unlikely to be, found in breast implants (Kala et 
al., 1998; reference not found in ‘the original but added for” this report, see 
Chapter 2). Systemic toxicity after oral, dermal, or inhalation exposure is low. 
However, linear siloxanes appear to have significant potextltial for dmnal 
irritation in animals and humans. An in vitro study with ‘human cells suggested 
that the materials are biocompatible. Evidence” for modulation of immune 
function was obtained in some tests, atthough the biological significance of 
these findings was questioned. 
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Table 4-t Summary of Toxicity ,Studies 
Subacute or Developmental, Phamraco- Cytotoxicity, Bio- 
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C: Polydinaethylsiioxanes 

A total of 516 reports OII Lg, Lb, .L7, ‘Lp, L~J, LIG, DJ, P,, Dg, Dlj, D, 
(cyclosiloxanes, dime~h~~~cyc~opolydimethyls~~~x~es~, DIvjPS 
(dimethylmonomethylpolysiloxanes, dimethylpulys~loxanes), ,DMSS 
(dimethylsilicones, and siloxanes, reaction products’ with silica), SSHS 
(siloxanes and, silicones, dimethy# hydroxy-terminated), PDMS;and L, (linears) 
were reviewed. The database on. the toxicity of these compounds :is extensive. 
Acute exposure by different routes showed only ‘( mini&al toxicity. The 
compounds have minimal potential ‘for skin itiitation. S&chronic studies 
involving oral administration of the agents did not reveal any systemic toxicity. 
On prolonged dermal application, sometimes under occlusion, some edema and 
scarring are observed, but no systemic toxicity. Implants of these materials 
under the skin usually procjuce granulomatous inf&nmatary changes and 
fibrosis. Subcutaneous implantation of PDMS‘ gels in rats produced local 
sarcomas, such as are commonly seen in rats irnp~~~ed-wig in@ f&reign bodies 
(solid-state carcinogenesis). An okal carGnoger$cit$-study f&led to -produce any 
positive data. Multiple tests found a lack of genotoxicity. Tests for reproductive 
toxicity following ,oral or der+al exposure failed to show any clearly positive 
results. On occasion a small increase in fetal abnormalities-wa$ found, although 
the agents are not considered teratogenic. 

In 29 of 35 studies, no effect? on the male gonads were found. The sutimary 
document, without providing zreferences however, me@ons that some PDMS 
fluids given by gavage at 3.3 nilfkg for six days. w&e &sociated. with reduced 
seminal vesicle weights, whereas others, given for up to 2Q: days at similar 
doses, had no such effects. Sgermatogenic depression wg found in two of ten 
rabbits treated with 2 ml/kg PDMS for 20 days. Dermal, appliqation of 2 ml/kg 
for 28 days decreased testicular ‘weight. In the $ase of one PI&MS fluid (not 
characterized), a no-observable-adverse-effect,leveI (NOABL) of 50 mg/kg per 
day for a 2%day exposure wasestiblished. All of these dose levels are orders of 
magnitude greater *that could be achieved in women with bre&t ~imptants on a 
milliliter- or milligram-per-kilogram body weight basis. No immunotoxic 
potential was identified, al&ough in &me studies, adjuvant actitity was noted 
with an increase in humoral but not cell-mediated immunity. The ‘results were 
not seen with any consistency, and studies weqe. &ften- of pear quality. The 
absence of virtually any toxicity following acute exposure by. oral and dermal 
routes was confirmed in human vofunteers. 

Group II-Non-Dimethyl Silqganes 

Thirty reports were reviewed. The acute oral LD~Q (mean lethal dose) of these 
compounds is influenced by .so{vent effects. Reproductive ktudies indicated 
some adverse effects on the tiale reproductive “tract. In addition, the agents 
produced severe ulceration and necrosis of rabbit skin during the 21 -day 
treatment. Significant histopathologicaf changes in rabbit liver and kidney were 
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seen after four days’ treatment at 3.3 mglkg, No genotoxicity was observed. 
Agents in Group ‘II are polymer precursors, and no exposure is anticipated 
outside manufacturing sites. j The committee found no evidence that these 
compounds are in breast implants. 

Group III-Other Siloxane Polymers and Copo~me~s, DHPS, 
DMMVS (siloxanes and’ silicones, dimethyl, m&hjllvinyl), and 
DMDS (siloxanes ,and silicones, diphenyl)6 

Ten reports were reviewed. The studied compounds-are reactiveax@ they cross- 
link easily. Use of the toxicity of starting materials is not appropriate in judging 
the toxicity of cured cross-link products. There appears to be .limitred industrial 
exposure and no exposure of ‘the general public. Acute toxicity, irritation, and 
sensitization are minimal. These compounds are not known to occur in silicone 
breast implants. 

Group IV-Other Materials 

Forty-four reports were reviewed., Toxicity following oral exposure is low, and 
for inhalation a one-hour LCse (50% lethal concentration) between 23 and 11 I 
mglml was measured. The lowest-observable-adverse-effect level (LOAEL) for 
lung hemorrhage was 5.6 mg/l . Tet~~ethyldivinyldisiI~x~e was severely 
irritating to the skin under occlusive conditions. No evidence fer;genotoxicity or 
immunotoxicity was reported. These compounds are not knoqn to occur in 
silicone breast implants. 

TOXICOLOGY OF SUBCUTANEOUSLY ~~~~AN~~D OR 
INJECTED SILICONES 

Acute and Subchronic Studies with Silicone Ffaids and Gels 

Early toxicological experiments were designed to evaluate e effects of silicone 
liquids and solids’ implanted under the skin of experi~ment@I animals. Such 
experiments mimic silicone breast implants in many ways, aWrough there are 
some important differences. Silicone breast implants are more complex. They 
may have varied .surfaces, in&ding coating with polyurethane. They may also 
contain many different chemical species, including potentially toxic compounds 
such as platinum. On the other hand, in many of these studies, actual gef and 
elastomer components of breast implants were tested. 

In one early study, medical series 360 Dow Coming PDMS fluid, 350 cS, was 
injected in massive (up to 540 ml over 27 weeks) doses subcutzmepusly in rats 
and guinea pigs. There was very little or no l&al inflammation. The injected 

6 Mentor Annotation: As discussed elsewhere’in the ION report, methyldiphenyi copolym?rs are used in the low- 
bleed elastomer shells of Mentor silicone gel-filled mammary prostheses (see discussion ffillowing this chapter 
from the IOM report). 
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fluid became encapsulated’ by thin, transparent connective tissue in 
multiloculated cysts. No systemic toxicity was observed. H~owever, it was not 
clear whether the material was eventually absorbed, redistributed within the 
body of the animals, or excreted (Bailantyne et al., 1965). To .further elucidate 
this point, mice were injected subcutaneously or intraperitoneally with 1 ml of 
Dow Corning 360 silicone fluid, JSO cS, folkowed. by ~~~~~~~0~s carbon 
particles to induce reticuloendothelial blockade. Silicone was found in 
macrophages in regional lymph nodes in all animals and in mgcrophages in the 
adrenal in some intraperitoneaily injected animals. Unlike the previous high- 
dose experiment; all other organs were normal (Ben-Hur et al,, 1967). A high- 
dose exposure in man, mdtipfie massive subcutaneous mjections of silicone (1 
liter at a time), eventually led to diffuse tissue distribution of the material in 
various organs (primarily the’ lungs) of this patient who succumbed ~to adult 
respiratory distress syndrome QCoulaud et al., 1983). 

In mice as in rats, subcutaneous injection of 5 ml. of Dow Coming 360 medical 
fluids did not produce any untoward effects (Andrews, 1966). The same author 
reported the case of an l&year-old woman injected subcutaneously twice with 
20 ml of 360 fluid. In examining a blood smear, neutrophils and mononuclear 
cells containing clear vacuoles were seen, which presumably ccqtained silicone. 
The smear, however, was taken from an incised injectioti site where leukocytes 
had direct access to a silicone’deposit, and this fmding could not be confirmed 
by Hawthorne et al. (1970), iwho examined. white cells from rats with high 
silicone exposures (see below}. Nedelman (1968) Injected various room 
temperature vulcanized (RTV) medical-grade Silastics mixed with Dow 
Corning 360 fluid ,and stannotis octoate catalyst subcutatieousiy in the back of 
hamsters and supraperiostally in the jaw and pal$te of rabbits in doses of 0.5-2.0 
ml and followed them for one week to three moitthq He &ported that the 
Silastic was well tolerated and ehcited.only a mild connective tissue response. 
In another study in, mice, R;ees‘et al. (1967) observed a redistribution of silicone 
fluid within the body when injected in l-ml amounts intraperitoneally or in 
larger amounts subcutaneously (6 ml in a single dose, 1 .ml in repeated doses). 
Deaths occurred when the mice received more than 7 m! of PDMS by 
subcutaneous injection, ar’amount corresponding to about 280 ml/kg or about 
14 liters in an average woman. Macrophages, presumably containing silicone, 
accumulated in multiple organs, including adrenal, 1ymp.h nod$$ liver, kidney, 
spleen, ovaries, pancreas, and others (Rees et al., 1967). Whether the wider 
distribution of siljcone injected at high doses results ‘from, access to, and 
distribution by, the circulatory system is unknown. The study by Rees et al. 
prompted Autian ( 1975a) to warn against the injection of silicone ff uid in 
humans. He was also influenced by the local complications of &&me injection 
in women, which were well known by that time. Ashley et al. (197 1) briefly 
reported injecting Dow Corning MDX,40411 in amoun%s ranging from 1 to 500 
ml into mice, rats, guinea pigs, rabbits, and monkeys, with the foxmation of thin 
capsules, very little tissue reaction, and no systemic effects. This 350”CS fluid 
was also injected ‘in small (4 ml) amounts into patients for cosmetic effect 
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without complications. Very few data were reported, and the follow-up of the 
patients was three .months on average (Ashley et al., I971}. Cutler et al. (1974) 
observed no ill effects on mice of PDMS fluid similar to A&foam A mixed 
with 6% amorphous silica injected subcutaneously (0.2 mli) or fed at 0.25 and 
2.5% from weaning for 76 weeks. Distribution to liver, spleen, kidneys, and 
perirenal fat was not detected., 

In a more recent study, Dow Coming silicone 360 fhrid and gel (1 ml per 
mouse), and elastomer and polyurethane (O&cm-diameter d&&s) -were placed 
subcutaneously in’ B6C3 Fl mice (Bradley et al., 1994a;b). Animals were 
examined first over a IO-day ‘period, then for I80 days. Siiiqone- implantation 
did not affect any of the selected toxicological endpoints, including survival, 
weight gain, body ,and organ weights, hematology, serum chemistry, and bone 
marrow cytology. No effects on humoral immunity or celi-m iated immunity 
were found, and host r&istance in, two bacterial models was not altered. 

Although, on occasion, widespread tissue distribution with potentially toxic or 
even fatal outcomes is seen when‘very large doses of sihcune fluid are deposited 
subcutaneously or intraperitorrealfy ( 1 i-iter or ‘more in humans,. 7 -ml in mice), 
quite substantial amounts are usually well tolerated. A subcutaneous injection in 
rodents (and most other animal species) is not dire&y eo,mparable to a 
subcutaneous injection in humans however. because in most animals a large 
potential space is provided .between mobile skin and underiying muscular fascia 
that can accommodate a substantial amount of fluid. In humans, silicone, if 
injected in large amounts, may be forced into the circulation and thus to ‘distant 
organs, as suggested in the cases mentioned earlier (Andrews,‘l?&; Coulaud et 
al., 1983). 

Silicones are present in medical devices and instruments (e.g., coatings for 
tubing and syringes). This has prompted some investigators‘ti, inject silicones 
intravenously, intraperitoneally, or even into -the subdural space of the lumbar 
spinal cord. Intravenous or intracardiac injection of 2 ml of PI&IS in dogs did 
not produce any changes in clotting time, hemoglobin concentr&on, or plasma 
surface tension. No changes ‘in electrocardiograms or electroencephalograms 
were noted (Fitzgerald and M&t&, 1961). These authors cited others who had 
injected larger doses intraarterially or intravenously causing embolisms in 
various organs. Intraperitoneal injections of Dow ,Corning Iv@? $40 J.! , a silicone 
fluid that was actually injected in women for breast augmentation (see Chapter 
l), at doses up to 62 ml in 60 rats were tolerated without any apparent adverse 
effects for up to one year (Hawthorne et al., 1970). Intraperitorzal injections of 
up to 3 ml of PDMS in mice resulted in a reduction of cell size in abdominal 
and pericardial fat tissue. In, addition, in many abdominal organs such. as 
adrenal, liver, kidney, spleen, pancreas, ovary, and lymph nod& focal silicone- 
containing macrophage infiltrates were seen (Rees et al., 967). Migrating 
silicone could produce granulomas .on the surface of organs (Brady and Frey, 
1968). In the course of inves,tig&ing ,adjuvant effects, Lake .and Radonovich 
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(1975) reported that intraperitoneally injected low molecular weight’ silicones 
(LJ, L4, D4, Ls) caused a transient (48 hour) increase in interferon production 
and a reduction in colloidal carbon clearance by macrophages of the 
reticuloendofhelial system in ,mice. Higher mole&.tlar ‘weight ‘silicones did not 
have these effects. 

PDMS lubricant used in disposable syringes was injected ~intu the lumbar 
subdural space in rabbits (0.3, ml) and monkeys (0.5 ml) and into the cistema 
magna of rats (0.1 ml). No signs of neurotoxicity or histopathological alterations 
attributable to the silicone inje&ions were observed. All of:the radiolabeIed 
silicone injected intracistemally remained in-the brain, spinal cord, and vertebral 
column (Hine et al, 1969). Chanteiau et al. (1986) calqulated th?t (X15-0.25 mg 
silicone lubricant might be lost from an insulin syringe with each use, or about 
200 mg per year, assuming multipIe injections per day for diabetes. Others have 
reported lower estimates of 30-40 ug from an insulin syrmge width each use, or 
up to 30 mg in a year (Collier and Dawson, 1985). An average lifetime human 
dose would be at most several:grams of silicone if the higher estimate was used; 
Hine’s doses in experimental animals, therefore;equal orexc~d lifetime human 
doses on a milIigram-per-kilogram body weight basis. in another study, .direct 
injection of silicone gel into peripheral nerve did not result -in findings of 
toxicity of silicone to nerve tissue @anger et at., 1992). 

Short-Term Stud&s with So-lid Implants 

Solid silicone implants alsq ,were generally well ‘tolerated by experimental 
animals. Dogs, examined, ‘up to one year after implantation of sponges 
subcutaneousty, intraperiostaify, or placed directly onto bone; tolerated the 
implantation well, and the material was not invaded by bone ‘OF. periosteum 
(Marzoni et al., 1959). Actual breast imphurt materials, such as Dow Corning 
Q7-2245 elastomer, in a biolo&cat safety screen consisting of tissue eel1 culture, 
systemic toxicity, rabbit intracutaneous and pyrogen tests, guinea pig 
sensitization, and rabbit 9O5day implants, elicited no local or systemic responses 
(Munten et al., 1985), nor did :Q7-2 167/68 gel in a similar screen (Malczewski, 
1985a). Subcutaneous implantation of medical-grade polysulfone+based silicone 
elastomer in rabbits was not carcinogenic up to 18 months. This study was of 
insufficient duration to be conclusive, however (Lilla and Vistnes, 1976). 

In another implant study, nine different Silastic materials awere implanted 
subcutaneously, intramuscularly, and intraperitoneally‘ into 20 young adult 
purebred beagle dogs for six months to two ysars. The,materiaIsprovoked a 
minimal foreign body reaction and the -formation of a fibrous capsuIe but no 
general adverse effects {Dow Cornin,g Corporation, 1970). Two years is, 
nevertheless, a short time compared to a life expectancy in beagl?s of 12-l 5 
years. Thus, this study does not allow conclusions on suoh long-term effects as 
carcinogenesis. 
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James et al. (1997) recently evahated one-week and tw&moqtb local cellular 
responses to PDMS, compared with the responses praduced by impermeable 
cellulose acetate Millipore filte’rs. Expiession of leukocyte antigens for helper- 
inducer, T-suppressor-cytotoxic, atid macrophage leuk~.cyte antigens, 
proliferating cell nticlear antigdn, and in situ Jabeling of’DNA-&Band breaks as 
indicators of DNA damage and apoptosis, were measured. The response to 
silicone did not differ from the response to impermeable eellulose.acetate fiiters. 
On the other hand, porous. cellulose filters, knowu not to produce local 
sarcomas, produced more inter&e inflammatory responses but minimal fibrosis. 
Within the fibrotic capsqle _ surrounding the tuqorigenic implants, cell 
proliferation and apoptosis ‘were .increased and ass+qted with. DNA breaks. 
The authors pointed out that persistent DNA damage and el;evated cell 
proliferation are usually associated with ,genomic instability, and malignant 
transformation. Similar studies might thus be carried out on human tissue 
surrounding silicdne implants? Van Kooten et al. (1998); in the course of 
evaluating human fibrobiast pioliferative responses to smooth ‘Iand variously 
textured Dow Corning Medical Grade Silastic found no inf$uen& of toxic 
leachables that might have been reieaseg from the silicone sampies using 3-(4,5- 
dimethylthiazole-2-yl)-2,5-d~iphenyl tt$razolium bromide (MTT) conversion 
testing of cellular bibchemical activity. 

, 

Long-Term (Carcinogenieity) Studies 

From the moment, silicone compounds became ava@ble #or implants in 
humans, long-term ,effects we& af particular concern. It was reco-gnized that 
subcutaneous implantation of $lisone compounds in ro.dents would produce 
local tumors at the implantation site. Solid&ate cgcinogenesis had beei 
discovered in the 1940s and’ was a well-known phepom&dn in plastics 
toxicology. In addition, the possibility was en~etiained that implants might 
release agents capable of producing tumors at distant sites. En .a study of 
carcinogenesis in which animals ~were obsetied for up to two years, silicone 
rubber implanted intraperitoneally did not groduce any tqmors, but 
subcutaneous implants caused local sarcomas (Hueper, 1961). An RTV silicone 
elastomer with a stanous octoate catalyst was also ,implanted ,ujnder the skin, 
intraperitonealiy, and subdurally in the brain., PiJo implant-r&Iated tbmors were 
found during an observation period of up to 22 months (Agnew ei al., 1962). A 
review of the entire literature on solid-state carcinogen&is induced by silicone 
compounds was published in 196’?. In rats, but not mice, local sarcomas 
developed at the sites of silicone rubber implants (a 29-40% .inci&nce following 
placement of single implants). &licone gel or fltiid produced oqly one sarcoma 
in 30 rats and no tumors in mice. ‘@e authors also pointed out $&t many of the 
reported experiments were not lifetime and therefare. of too short duration to 
evaluate carcinogenicity properQ (Bryson and Bischoff, 1967). 

’ Mentor Annotation: Although the findings of such proposed expetiments might acidress a scientific curiosity, the 
data discussed elsewhere in this report zhat is suggestive, though nut, definitive, of a reduced incidence of breast 
cancer would argue against any potential significdtice with respect to cancer risk. 

25 



CONFIDENTIAL Mentor Corpwatim 
Ckl$lled Mammary Prosthesis 

In 1972, Bischoff again reviewed silicone toxicity and carcinogenieity., Despite 
problems with the referencing of this review that interfere with discovery of the 
original data, the summarized data show a significant trend. for tumor 
development in female, but not male, rats following.intraperitonetil injection of 
silicone fluid. Subcutaneous administration of silicone fluid produced no tumors 
in rats, but an increased incidence of rnesenchymal tumors was observed at the 
injection site in mice. No such tumors were found with control$ (it is not clear 
how controls were injected). Bischoff (1.972) concluded that silicone fluid had a 
low-grade carcinogenic potential‘ in rodents. In the absence of the original data, 
it is difficult to evaluate this conclusion. However solid silii;one compounds, 
implanted subcutaneously, clearly produce local tumors of mesenchymal origin 
at the site of implantation in rats. Silicone shares this~property with numerous 
other agents. 

The salient features of solid-state carcinogenesis have. been reviewed (Autian, 
1975a). The phenomenon is seen in rodents, mainly rats. Irr$piantation of an 
inert material (e.g., acrylic, cellulose. Teflon, glass, bakelite, silicone, 
polystyrene, polyurethane, polyethylene) under the skin elicits, after a latent 
period, the local growth of a :mesenchymal mblignant tumor. To have such an 
effect, the implant must have a~ minimum size. Smooth implants are more 
effective than rough or perforated disks. Initially, the foreign, body will be 
surrounded by granulomatous tissue that eventually forms a thti capsule. If the 
foreign body is removed within the first six months after implantatian, no 
tumors develop. Removal of the test material later may ormay not be followed 
by tumor development, .but if rhe tissue podket is removed, regardless of timing, 
no tumor will develop. The same amount of material introduced in powdered 
form under the skin does not produce tumors. 

Later studies of the carcinogenicity of silicone implants,’ gels or solids, 
confirmed their ability to produce local sarcomas in rodents. In rats, silicone 
implants produced significantly fewer tumors sat the implant, site than did 
polyvinyl chlorides or polyhydroxyethyl methacrylate (Maekaw& et al., 1984). 
Silicone amputation stump implants were placed in dogs, and the~animals were 
observed up ‘to 10 years (Swa@on et al., 1984). While tliere was a benign 
foreign body giant-cell reaction to loGa silicone,, no silicone particles or giant- 
cell responses were observed in distant organs, and the impIan& were well 
tolerated. 

Surgitek breast implant components, silicone gel-SCL, silicone, gel-Meme, 
silicone elastomer SCL, and standard elastomer coated with $ype ,A adhesive 
and polyurethane foam were examined in a two-year rat study with negative 
(Millipore filters, 0.65um~ pore Size) and positive (Milhpore filters,, 0.025urn 
pore size) controls. Test matertals-were implanted subc~t~~~ous~y in the back at 
four different sites, and the animals were observed for up to 104 weeks. 
Survival was comparable for the negative control group. and the polyurethane 
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foam group, but significantiy decreased in ali other groups. Wowever, body 
weight gains were simiiar in all groups. Subcutaneous tissue masses, at sites of 
implantation were found in all groups. Tumor incidence ranged from 3% 
(polyurethane foam) to 53% (positive controls), and the two silicone gels had 
incidences of 27 and 19%, respectively. Most tumors were malignant, but rarely 
metastasized, and all were of mesenchymal origin. ‘There was no evidence of 
systemic toxicity dzlring the conduct of this study. At both interim and final 
sacrifice, there were no changes in organ weight, clinical chemistry, or 
hematology that could be attributed to an effect of the test‘ agents. Age- 
associated inflammatory, degenerative, or neoplastic changes were seen on 
pathological examination, but the groups did~ not differ significantly. .It was 
concluded that imfilantation of silicone gel-XL or silicone I gel:Meme at a 
higher dose than usual in humans did not produce any signs of systemic toxicity 
in female rats (Lemen and Wolfe, 1993). 

Most recently, a lifetime implant study with Dow Corning Q7-2159A silicone 
gel, used in breast implants, tested whether a silicone .implant would produce 
tumors at other than the implant site. A group of animals with subcutaneous 
polyethylene disk implants was .also examined. The study, begun in 1990, 
involved a total of 700 female rats. Seven groups were formed:‘“acontrol group, 
three groups receivmg silicone gel implants (total surface areas 6.6,1&O,’ and 
48.8 cm2), and three groups receiving polyethylene disks (to;taf surface -areas 
0.79, 3.1, and 12.6 cm2). The animals were observed for 104’ weeks. Data for 
survival, body weight gain and food consumption, incidence of-neoplastic and 
nonneoplastic lesions, organ weights, hematology, urinalys.is, and clinical 
chemistry were all anaIyzed with appropriate statistical methods, designed to 
show dose-responses, trends, atid significance of differences ik lesions among 
treated and control groups (Klykken, 1998). The design, ,execution, data 
analysis, and quality control procedures used in this study re resent today’s state 
of the art in the conduct of carcinogenesis bieassays. Survivaj was somewhat 
shorter in animals that had silicone gel- or polyethylene-induced sarcomas at the 
implantation sites. In non-tumor-bearing animals, life span was not reduced. 
Incidence of local tumors increhsed with implant surface area and was higher in 
the polyethylene-treated animais. Silicone gel did not produce tumors at a site 
distant from the implantation site. Similarly, there were no ,-observations of 
systemic toxic effects in silicone gel-implanted andmals. 

There was weak statistical evidence of decreased incidence of mammary gland 
malignant and benign epithelial: tumors following gel exposure and of thyroid c- 
cell carcinomas and adenomas in ‘animals treated with the largest golyethylene 
disks, compared to controls. In .a11 animals, including the ones with implant site ’ 
sarcomas, a reduced tumor incidence was also found for brain, mammary gland, 
pituitary, and all sites combined. Others have suggested that silicone gel 
implants might be associated w,ith a lower incidence of, malignancy in 
experimental systems. Dreyfuss et al. (1987) noted that a group of GO rats with 
experimental silicone gel-filled implants experienced fewer’ mammary cancers 

27 



CONFlDENTIAL Me&x Corporation 
Gel-f&d Mawmary Prosthesis 

caused by injection of N-methyi-N-nitrosourea 14 days after implantation than 
were seen in 60 rat control groups or groups with gel, elastomer, or 
polyurethane implanted as ,component sheets rather than fabricated into 
implants. This was the only positive finding in a group-of neiatives involving 
exposure to different silicones, Andy different timing of injections (Dreyfuss et al., 
1987). In another study, tumor size was diminished in the presence of tissue 
expanders in rats injected with mammary cancer. cells compared to control and 
sham-operated rats. In still another study, rats with silicone implants in three 
locations, including beneath the mammary gland, developed fewer tumors after 
N-methyl-N-nitrosourea injection compared to shah controls, and mice with 
implants devefoped fewer spontaneous carcinomas. compared,, to mice with 
implants of free gel or silicone sheets or sham operations~(l$mrasastry et al.., 
1991; Su et al., 1995). These studies and the epidemiological evidence of lower 
relative risks of breast cancer in implanted women (cited in Chapter 9) are 
suggestive, but they are not ‘adequate to provide .conclusive evidence for a 
decreased cancer risk in women with silicone breast implants. 

Reproductive Toxicity Fo&nking Implantation: wit-h Siticones 

Most women who receive silicone breast implants are of childbearing age. For 
this reason, reproductive, developmental, and teratologic effects ,of exposure to 
silicones and the effect of silicone implantation on breast feeding are 
particularly relevant. Many of the human data on exposure and responses to 
silicone are revietied in Chapter t 1. The reproduc,tive toxicity and teratogenesis 
of some silicones relevant to those: found in breast implants have been- addressed 
directly in a few experimental animal studies. 

Dow Corning 360 medical-grade fluid, 350 cS; and two other PDMS fluids 
were administered in comparatively high doses (20, 2U0, or 12,OciO mg/kg) to 
male and female rats, mice, and>rabbits. &sic guidelines issued by the Food and 
Drug Administration (PDA) for. reproductive ,toxicity testing were followed. 
General reproductive performqnce (exposure of mafes and females before and 
during gestation), ,embryogenesis (exposure of pregnant females‘ during the 
critical period of gestation), and postnatat ‘performance -were, evaluated. 
Altogether, several hundred ,rats, rabbits, mice, and their-’ offspring were 
examined, and no adverse teratologic, reproductive, or mutagenic effects were 
observed (Kennedy et al., 1976). 

PDMS fluid, 350 cS, at dose levels of 5,IO, and 20 g/kg b+y weight. was 
injected over ten days in one group of pregnant rats and. all ato,nce in another 
group of rats one week before mating. The sole ‘effst observed was a 
significant postimplantation loss in the 5- and l&g/kg PDMS‘duse ,groups of 
predosed animals. This effect prompted.use of the predosing r$ginren and dose 
levels of 1 , 10, and 20 g/kg PDMS in a definitive assay with 0.85 saline controls. 
The 20-g/kg dose level was selected to approximate the exposure of a 50-kg 
woman to sudden and complete rupture of two 500-g silicone gel breast 



CONFIDENTlAL Mentor Corporation 
Gel-filled Mammary Prosthesis 

implants. In this final test, no clinical signs -of toxicity were evident in the 
mothers. No effects were found in the fetuses, and no ~~sti~p~a~tatio~ loss was 
observed. Under the conditions tested, the compound had no teratogenic effect 
(Bates et al., 1985, 1991). 

In a later study, Surgitek silicone gel-SCL, silicone gel-l\ileme, a;lld polyurethane 
were implanted under the skin of-rabbits at six different Iocations, 17 rabbits per 
group. Doses were calculated to Sepresent up to ‘thee times the expected human 
exposure for the gels and up to t&n times for the polyurethane, Afier six weeks 
the rabbits were mated and then killed on gestation day 29. There were no 
effects of the treatment on : implantation efficiency, pregnancy rates, fetal 
viability, postimplantation loss, or fetal weights. In animdls exposed to 
polyurethane, some fetal malformations were observed, but the incidence per 
litter was not significantly -different from controls. These findings were 
considered incidental. Materials--implanted under the .skin did not appear to 
produce either matemaf toxicity or fetal abnormalities (Lemen, l9Rl). 

More recently, silicone gel Q’7-2159A and elastomer Q7-2423JQ7-255 1 were 
evaluated for reproductive toxicity and teratogeneiis” in rats and rabbits. 
Altogether, the studies examined three different dose levels for: the gel (3, IO, 
and 30 ml/kg) and two different disk sizes for the elastomer. In, the reproductive 
toxicity studies; 30 male and 3q female rats were *used per group, .and in the 
teratology study, 25 pregnant rabbits were used in each group. Test articles were 
implanted in male rats 61 days, and in female rats 47 days., before mating and in 
female rabbits 42 days prior to insemination. Implantation of *the gel or of the 
elastomer disks and their continuous presence before or during pregnancy and 
lactation did not cause observable effects in parents or neonates’ and had no 
discernible teratogenic, effects: These two studies. reflect the currem state of the 
art in reproductive toxicity and teratogenesis testing (Siddiqui, $t al., 1994a,b). 
Finally, a two-year gel implant study of Do@ Coming Q7-2159A and Dow 
Coming MDF-0193 in rats has been reviewed (R&r, l@l). This report 
examines the data for evidence that silicone implantation leads ‘to changes in the 
male or female endocrine system. Fifty maIe .and female r&s were implanted 
with the test materials, and no changes in the endocrine system were found 
during what amounted to a lifetime study.* 

Distribution and Migration of Subcutaneously I~~~~nte$,~~~~~i~l 

The fate of subcutaneously implanted silicone has been ‘directly addressed in a 
few studies. A total of eight male rats received a-single subcu&neous injection 

* Mentor Annotation: McKim et al. (2001) recent& reported results from their investigation of the potential 
estrogenic and antiestrogenic activity of D4 and hexamethyldisiloxane (HMDS) in a uterotrophic assay in 
immature rats. D4 exhibited weak estrogenic activity, but was’approximately,58j,000 times less potent than 
ethinyl estradiol in Sprague-Dawiey rats and 3.8 m:illion times less potent thqn etbhinyl e$ra&ol in Fischer F-344 
rats. The NOAEL for Dq identified in this study was IQ0 mg/kg. tiMDS did”not reveal any estrogenic activity at 

: 
doses up to 1200 mg/kg,; a smah antiestrogenic effect at this high dose level of HMDg was observed when 
coadministered with ethinyl estradiol. 
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of PDMS fluid labeled with carbon-14 (14C). More than.94’/ ofthe radioactivity 
remained at the site of injection, and very small percentages (around 0.1%) were 
detected in expired air, urine, rand feces. Less than 0.020/o, was .eve@ually found 
to have migrated to different: tissues< presumably via tke lyqphatics (LeBeau 
and Gorzinski, 1972). The movement of subcu$anec&sly implarjtkd, radiolabeled 
PDMS gel Q7-2 159A was fol&wed over a 20-week period &q&h et al., 199 I ). 
Male and female CD-1 mice received a rniddorsa1 0.5-r& implant of gel 
synthesized by equilibrating [‘4C]octamethylcy~~otetra-siloxane with 
dodecamethylpentasiloxane under acidic conditions. Qver a petiod of’20 weeks,, 
only 0.006% in males and O.Q09% in females. was found to b?: mobile. A very 
smaI1 amount of radiolabeled silicone was excreted, in large part ‘during the first 
week postimplantation. What remained in the body beyond the injection site 
was found primarily in lymph nodes draining the implti&n~ site. The 
injection sites were coIIected, but not analyzed. This pr@cludes ealeuiation of the 
usual mass balance (silicones not , specifically .mea&red elsewhere were 
assumed to have remained in the injection depot), but gtinerally, silicone 
concentrations (calculated from &dioactivity) in differ&t tissues and organs 
were micrograms per gram of tissue, orders of magnitude lswer than the amount 
injected (500 mg). In a report from the FDA, Young (1991). rganalyzed data 
from a 1966 Dow Comidg study of the ,movement of 
[‘4C]poly(dimethylsiloxane) injected subcutaneously ‘in mice a@ ftillowed over 
90 days. A small fraction of the injected radioactivity appear&in the urine and 
feces with a half-Iife of 2 days initially and 56 days for redistributed 
radioactivity, but 99.97% of the siiicone WEE- stable (Young, 1991). These 
studies appear to show that very little of ‘a gel impI& leaves the site of 
deposition. 

Raposo do Amaral et al. (1993) injected rats with 2 ml of silicone gel at two 
different sites. The animals were killed at’ intervals of 3, 7,&S, 30, 60, 180, 
240,420, and 450 days. The. autihors ,did not detect any silicone gel in lung, 
heart, spleen, liver, stomach, dr.gonads, although they dould see it in the local 
tissues surrounding the capsule formed around the injected gel. No silicone was 
fotmd in the regional lymph nbdes draining the &plant. However, &ese tissues 
were examined for silicone Iby light microscopy, which is an insensitive 
detection method. The reaction; of local lymph nodes to injected,&licone gel (I .5 
ml injected subcutaneously into male Wistar rats), was meaqqed with rigorous 
quantitative morphometric tec&niques at intervdls up -to 365 days (Tiziani et al., 
1995). There was no evidence bf lymph’ node hyperp@sia, ,giant.tiells, or silicone 
droplets. 

There was no morphometric difference in lymph tiodes froth gel-injected or 
saline-injected anitials, atid ‘it was concluded that the silicone gel ‘had not 
migrated. Swanson. et al. (-1984, 1985) evaluated a patient at autopsy after 12 
years’ exposure to silicone elastomer joint implants and also &valuated three 
dogs with elastomer implants @ter 10 years* exposure. Silicone elastomer 
particles were found locally &round the implants, but a con&&e organ and 
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reticuloendotheiial system review revealed no particles at distzx~t sites and qnly 
a few silicone particles in an axillary node of the autop~i~d~pa~~~nt .(Swanson et 
al., 1984,1985). Silicone rubber fragments placed in the peritotieal cavities of 
rats were found in the spleens of these animals, associated with, a giant-cell 
reaction after four days (Guo ,et al., 1994). Barrett et al, (1991) found silicone 
particles locally and in regional nodes (when examined] of patients with penile 
implants. Examinations for particles in more :distant sites were not undertaken. 
These examples are typical of reports of local and some’ regio&l node ‘presence 
of silicone elastomer particles from various kinds of implants, which generaIly 
provoke some giant-cell, but no systemic, reaction (Barrett et al., 1991). 
Inflammatory reactions are _ limited to joints exposed experimentally to 
particulate silicone elastomer in rabbits by injection (or in humans from joint 
implants); unexposed joints, are not inflamed (Worsing et al., 1.982). More 
distant migration of small (median diameter, 73 urn) siliconeparticles to lung 
and lymph nodes, and, less frequently, to kidney and brain was ‘observed in 
seven female dogs injected with a silicone-polyvinylpyrrolidinone paste. There 
was no tissue reaction around the particles (Heniy et al;, 1995). Tiziani et al. 
(1995) concluded from this sort of evidence that regional node reactions were 
more likely to particulate elastomers than to silicone gel implanted in their 
drainage areas. 

In a recent study, mice received subcutaneous injections of Z-50 mg of breast 
implant distillate, a low molecular weight siloxane mixture containing l&, I.&, 
Ds, I&, Ls and Lg (Kala et al.,. 1998). These materials are released by gei fluid 
diffusion from breast implants in very low ’ concentrations (see‘ ‘Chapter 3). 

. Animal tissues were analyied at 3, 6, 9, and 52 weeks by gas chromatography- 
mass spectroscopy. Commercially available D4, Dj, ‘and I& were used as 
standards. The distribution of individual cyclosiloxanes in brain, heart, liver, 
kidney, lung, lymph nodes, ovariesj uterus, spleen, and skeletal muscle was 
measured. Concentrations for the individual cyclosiloxanes were all in the range 
of less than 1 ug (brain, liver) to a maximum of ~7 ug (lytiph net$es, ,ovaries) per 
gram of tissue. When calculated as total cyclosjloxanes, concentrations. were, 
highest in lymph nodes, uterus, and ovaries after six weeks, in the range of 1 to 
14 ug/g of tissue. The authorb reported that they could detect silicone in all 
organs examined up to one year later. Linear siloxanes were found at 4 to 5 ug/g 
of brain and up to 8 ug/g of hrng. Large variations in the concentrations of the 
siloxanes between individual animals were noted. This study sh;ows that in mice 
a small percentage of low molecular weight siloxanes injeoted in the 
suprascapular area ‘can. migrate in microgram amounts to different tissues. The 
experiment gives data on tissue concentrations only. 

A mass balance study-that is’ an analysis of the amount of s&xanes injected, 
distributed, and excreted-was not carried out in th.is exper!iment. Such an 
analysis, usually a part of tissue ‘distribution studies of chemicals as noted 
earlier, would have provided information on how much silicone was dislocated 
from the injection site, retained, or lost from the animal. The data on the total 
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siloxane concentrations in different organs allow others to estimate a mass 
balance, however. Average organ concentrati&s were 7 ug/g wet tissue weight 
at most. If uniform distribution is assumed for a 25-g mouse, this provides for a 
total of 175 ug siloxane distributed from the injection site, or about 0.07% of the 
administered dose (2.50 mg). By alldwing for the fact that the migratory part of 
the gel (a low molecular weight siloxane fluid distillate), not the gel itself, was 
injected, these rest&s are consistent with those of Isquith discussed earlier, Kala 
et al. (1998) reported similar weight gains at one year in control and 
experimental mice, suggesting that in’ this study,’ a large (10 gJkg) dose of Iow 
molecular weight, linear and clyclic siloxan&s appears to h&e been well 
tolerated. In a subsequent study, this group injected even larger. doses of a 
distillate containing D3-D6 int?aperitoneally in mice and observed inflammatory 
changes in Iiver and lung. .The LD5o for distillate was about 28 g/kg body 
weight, and for D4 alone 6-7 ,g/kg body weight (Lieberman & al., 1999). It is 
not cIear what relevance these studies have for women with $il[cone breast 
implants, since test article doses were given that ivere ord&s of magnitude 
greater than possible from breast implants, md L&s in these ranges have 
historically been konsidered $indicative of lack of toxicity (Casarett, 1975; 
Marshall et al., 1981). It was Ialso not clear to the committee why, a distillate, 
instead of an extract or simply reference cornpounds, was used, since the 
possibility that some of these compounds were created during distillation once 
again raises the question of relevance for women with sihcone breast implants.’ 

9 Mentor Annotation: A state-of-the-art pharTacdkinetic study of ‘“C-octamethyicycjotetrasiioxane (D4) in Fischer 
344 rats after single and multiple exposures to 7,70 or 700 ppm was recently publ@hedlby Plotzke et al. (2000). 
The investigators reported that: “Retention of .inh?led D4 was relatively low (5-6% of&haled D,,). Radioactivity 
derived from “*C-D, inhalation was widely distributed to tissues of the rat. M#&num &onc&trations of 
radioactivity in plasma and tissu’es (except fat) occurred at the end ofexposure and up to 3 h postexposure. 
Maximum concentrations of radioactivity in fat occurred as late as 24 h pos&xposu~re;.Fat was a depot, elimination 
of radioactivity from this tissue was muchsloivorfthan from plasma and oiher tissues. With’minor exceptions, there 
were no consistent gender effects on the distribution of radioactivity and the concentr@tions of radioactivity were 
nearly proportional to exposure concentration over the expoSure rmigc. Excretion of radioactivity was via exhaled 
breath and urine, and, to a much lesser extent, S&ceS. Urinary metabolites j~~lu~ed,d~met~y~sil~edio~ and 
metbylsilanetriol plus five minor metabolites. Relative gbundance pf these metabolit6 was.the same from every 
test group. Elimination was rapid during the fiist 24 h after exposure and was-slower there&er (measured up to 
168 h postexposure). In singly-exposed femali (but not male) rats, small dose-dependen~~shifis in elimination 
pathways were seen. After multiple exposures, the elimination pathways were dose- and gender-independent.” 

Data from this study formed the basis fordevelopment of a p@iiologicalfy-bas& pha$rnacokinetic (PBPK) 
model for Dq by Anderson et al. (2001) which concluded that “high pulmonary aad h&p&c clearance, coupled 
with induction of metabolizing enzymes at high ejcposure concentiations, rapidly remove free D4 from the body 
and ensure that there is no accumulation on multipIe exposures.” 

Luu and Flutter (2001) published a different PBPK’model for D4 that challengesthe Artderson et al. (2001) 
findings and predicts accumulation following multiple exposures. t\rumerous apparerrt flaws in the methodology 
of Luu and Hutter, however, have been asserted by Meeks (2002) and Arid&son et al. (2002). Meeks (2002), in 
his critique, reported actual measured concentmtions of Ds in blood and fat fram rats exposred to 700 ppm D4 by 
inhalation (fihrlday, 5 days/week) for 15 days and 6 months, which “confirm that D4 does tiot accumulate in the 
body.” Mentor Corporation is currently pursuing &I independent evafuation of the competing models by an expert 
PBPK modeler to assess the validity of the compet’ing claims. 
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GENERAL TOXICOLQGY OF .SILI,CUNE COMPOUNDS, 
INCLUDING LOW MOLECULAR WMGHT CYCLIC AND 
LINEAR PCbLY(DIMETHYLSILQXANES) 

Exposure to silicone compbupds. is widespread. A com~,arat~~~l~ small number 
of people in industry m ay experience high exposures by de&al or inhalation 
routes. A  large population’ m ay ;experienGe low-levd expos,ure through 
consum er products including food. Toxicity testing has thus had to consider 
these routes of exposure. The com m ittee has ‘reviewed som e ,of t 
derrnai, oral, and inhalation exposure to silicone in ~xp~~rn~nt~~~an~rna~s for this 
reason and also because such studies provide som e nu&hts +to the system ic 
toxicity of silicones that m ay be relevant t-o the toxicology of s&cone breast 
implants. 

Derm al Exposure 

There are few studies on direct derm al toxicity of silicones, probably because 
early investigators, recognized. that silicones had no skin irritating properties and 
were generally considered nontoxic, (Barondes et al., 195-O). Nevertheless, a 
study conducted in rabbits with t~i~uoropropy~m~ t~yt-cy~io~risi~ox~e revealed 
som e toxicity. In the highest-dose group (400 m g/kg),, 40 of the anim als died, 
and there was significant reduct$n in -body weight gain (§iddiqui and Hobbs, 
1982). Derm al (and oral) exposure to som e organopolysiloxanes, not found in 
breast implants, resulted in adverse effects on the reproductive systems of m ale 
and fem ale rats, rabbits, and, dogs. Derm al application for 28 days produced 
testicular or sem inal vesicle atrophy in rabbits (Bennett et af.? W72;, Hayden and 
Barlow, 1972). M aternal weight loss, increased resorption, Iand- decreased 
viability of young were observed in fem ale rabbits treated derm ally with a 
phenylm ethylcyclosiloxane. However, the ‘m ate&l was hot considered 
teratogenic. Application of the sam e silicone fluid& to hum a ‘skin did not lead 
to an increase in silicone blood or urine concentration (Hobbs et al., 1972; 
Palazzolo et al., 1972). Although som e interest in these com pounds has been 
expressed by wom en with imp&ants or by other investigators, .,there is no 
evidence that they are found in silicone breast implants. 

Oral Exposure 

Oral toxicity for m ost silicone com pounds is very tow. For .two silicone oils 
(poly(sec-butylm ethylsiloxane) and polydim ethylsiticunes), ‘the LDsa was 
greater than 24 g/kg. -Agents &irth such a high LDsa are generally considered 
nontoxic (Marshall et al., /981). M ore recently, the oral fox&y of Dow 
Corning 200 fluid; 10 cS, a PDMS fluid, was exam ined in a B-day and then a 
13-week feeding study. Rats ,received the test m aterial in the diet at 
concentrations from  1 to 10%  in the 28-day study and from  0.5 to 5% in the 13- 
week study. Cornea1 opacities, identified as corneal crystals, and other cornea1 
inflam m atory changes were noted in the higher-dose groups, presum ably due to 
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direct contact with the flslid on the fur. Changes in clinical chemistry were 
limited to a significant decrease in mean triglycerides, and in low-density and 
very low-density lipoproteins, A’ NOAEL could. be set at gregter than iOO,QOO 
parts per million (ppm) of the test substance; provided the cornea!, lesions were 
the result of a topical effect for the Z&day study, and at greater than 5O;OOO ppm 
for the 13-week study (Tonikins, 1995). Dow Corning 240 fluid, 350 cS, 
another PDMS fluid, was evaluated in a similar experiment, The same cornea1 
lesions were noted both in the 28cday and the 13”week studies, ,a+ again were 
attributed to topical contact. No changes in clinical chemistry were noted. In the 
13-week study, male and female rats were also given the test substance by 
gavage (500 and 2,500 m&ikg per-day). The NOAEL for this substance could be 
set at greater than 50,000 ppm, again ifthe corneal~lesions are &umed to be the 
result of a topical effect (Tomkins, 1995). 

Some silicone fluids may be absorbed from the ~astr~~~est~n~l tract. In one 
male monkey given r4C-labeled’ Dow- Coming 360. fluid, very little absorption 
occurred, and more than 90%. of the radioactivity was eventually recovered in 
the feces (Vogel, 1972). On the other hand, in rats repeatedly given 
octarnethylcyclotetrasiloxane (D4) approximately 23-33% s of the silicone 
species were detected in urine, and less than -0.3% was fotind in. the feces 
(possibly resulting from contamination by urine) (Malczewski et al., 1988). 
Metabolites originating from exposure, to D4 are under investiEfation (Varaprath 
et al., .1997)“, as are studies designed to clarify whether inducers of hepatic 
drug-metabolizing enzymes alter its metabolism (Plotske and Salyers, 1997). In 
commenting on the results of’these studies at the Institute of..Medicine (KIM) 
scientific workshop, Meeks noted that these metabolic cbange~ were similar to 
those induced by.common sedatives (M&m 1.995,1996a,b; see &“Meeks, IOM 
scientific workshop, 1998). 

Some early studies examined the carcinogenicity of orally administered silicone 
compounds. Rowe ,et al. (1950) fed Dow Corning Antifo&n A at a concentration 
of 0.3% to rats over their lifetime. Survival and grow& rate were not affected. 
However, survival rates, in both’ controls and exposed animals’ were nut very 
good by today’s standards. No ,tunors were found, butthe low.sGrvival rate and 
the use of only one dose that did not approach a maximum tolerated dose, which 
is required in current practjce; make this negative study inconclusive (Rowe et 
al., 1950). Carson et al. (1966) fed-Dow Coming Antifoam A and Dow Coming 
360 fluid, 50 and 350 cS, at 1% of diet to rabbits and rats for 8 months and 1 
year, respectively. They observed no differences in body weight+ organ weight, 
hematological, urine, or serum chemistry tests, the micro.&opic examination of 
organs, or overall survival between control or experimental’ groups. Earlier, 
Kimura et al. (1964) had reviewed studies of methylpolysiloxarre; 

lo Mentor Annotation: The full-length, peer-reyiewed findings of this investigation were pub-fished by Varaprath et 
al. in 1999. 
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A silicone antifoam compound consisting of,a ,mixture, of ciu/ finely divided 
(amorphous) silicon dioxide and 94% ,PQMS was administered in ~the diet, at 
concentrations of 0.25 and 2.5% to male and fe’male outbred mice, respectively 
(Cutler et al., 1974). This experiment was begun at weaning a@ terminated 76 
weeks later. In the same study, some animals received’s single subcutaneous 
injection of 0.2 ml silicone or 0.2 ml paraffins All visibly altered tissues as well 
as lung, heart, stomach, small intestine, spleen, liver, and kidney from about ten 
male and female mice in each treatment group were ‘exammed‘ midroscopically. 
No treatment-related increase. in nonneoplastic or neoplastic lesions was ,found. 
Cysts and some fibromas were observed at the injection site,in mice injected 
with silicone oil or paraffin, the latter producing fibromas more frequently than 
the former. Although carcinogenesis was not observed at the. dose levels 
examined, this study perfornied :+I 1974 would trot fulfill tod&y’s criteria for a 
carcinogenesis bioassay. The study was terminated early, h&opatho:logy was 
incomplete, and no indication was given of how close the higher dose used was 
to a maximum tolerated dose. 

Although the studies of polydimethylsihcone reviewed so far offer little 
evidence of toxicity, this :,is not true for all silicone corn u&s. A series of 
papers, published in the early 197OS, provides experimental evidence that 
certain organosiloxanes have estrogenic activity. Several agent$ were evaluated. 
The most active of them was cis-2,6-dipheq$hexamethyIcyclotetrasiloxane. 
This and similar chemicals &used an array of effects in the reproductive 
systems of male animals and on reproduction in female, animals (Bennett et al., 
1972; Hayden and ‘Barlow, 1972; Habbs et al., 1972;. L&e& et al., 1972; 
Levier and Boley, 1975; LeNier and jankowiak, 1975; LeVier et al., 1975; 
Nicander, 1975). Some human data are available from patients with prostate 
cancer. The biological half-life varied between 14 and 2i “h&s (Pilbrandt and 
Strindberg, 1975). As noted e&l&r in this chapter, women with breast implants 
and some recent investigators have expressed an interest in the!e. compounds. 
However, the toxic effects of these compounds have note heen observed in 
experimental silicone gel imp&ant toxicological studies, and there is no evidence 
that they are present in silicone breast implants. 

35 



CONFIDENTIAL Mentor Corporation 
Gel-fNed Mammary Prosthesis 

Inhalation Exposure” 

Because silicone compounds are present in hairspray and shampoo, adverse 
health effects following inhalation of these compoun@ have been explored. The 
toxicity of aerosohzed I& was evaluated, first in a dose-set:tting study of four 
weeks’ duration, then in a three-month study (Kolesar, lP%a,b). Exposures 
were six hours a day, five days a week at concentrations of D4 ranging from 200 
to 1,333 ppm (2.4-l 5.8 g/m3; 9 

rams per cubic meter) eventuatiy reduced in the 
three-month study to 12 g/m (1,000 ppm). The animals here observed for 
clinical signs of toxicity, and food consumption was monitoreid.~A few animals 
died during the first week when exposed to 15 g/m3, necessitating reduction of 
the dose to 12 g/m3. No. treatment-related clinical signs were observed at the 
lower dose levels, but changes in hematology and clinical &en&ry were seen. 
Enlargement of the liver and its c,eIls was dose dependent and more pronounced 
in females. Changes in the respiratory tract were i~te~reted ‘as adaptive 
responses to mild irritation. In’ females exposed to the highest concentration (12 
g/m3), minimal to marked vaginal mucification accotipamed by moderate 
degrees of ovarian atrophy was noted. A separate group of animals was allowed 
to recover in air for one month following the exposure. Practica#ly all of the 
abnormalities eventually disappeared, indicating’ reversibility :of the effects of 
exposure. These exposures are considered quite high. 

In a later study, Fischer 344 rats were exposed to D4 at concentrations ranging 
from 7 to 540 ppm (80 rng to 6.4 g/m3> for six.hours a day, 5d$ys a week, for 
28 days (Klykken .et al., 1997). In addition to the usual endpoints measured, 
immune function was assessed by splenic antibody-form&g assay and enzyme- 
linked immunosorbent assay, (ELI%%). The only change noted was liver 
enlargement, which was reversible after a two-week recovery period in male 
rats exposed to 540 ppm and females exposed to 20-540 ppm (0.24 to 6.4 g/m3). 
No immune system changes were observed. 

” Mentor Annotation: The results from state-of-&e-art inhalation studies of I& &d D5 in e#-perimental animals 
have provided the most sensitive toxicity endpoints as the basis for establishing the no-observable-adverse-effect 
levels used in Mentor risk assessments (to be included in the upcoming Chemist$ module of this PMA 
submission). 

For DJ, the most sensitive toxicity endpoint observed in rodent bioassayshas been, a dose-related increase 
in liver weights (reversible following removalof exposure). In the inhaiation toxicity srtidy of a4 reported by 
Klykken et al. (1999}, the lowest-observable-adverse-effect level (LOAEL) was fdu@ t,o be 0.24 mg/L and the no- 
observable-adverse-effect level (NOAEL) to.be 0,085 mg/L for ati exposure period of dh/day, Sd/wk for 28 days in 
Fischer 344 rats. In a study evaluating the retention, distribution, ‘metabolisti and excretion of D4 in Fischer 344 
rats, Plotzke et al. (2000) reported that 5 to 6 percent of an inhaled dose is ret&red. Assuming a body weight of 
350 g, a minute ventilation rate for rats of 240 mL (Hayes 2001), and 5 percent retention (Plotzke et al. 2000), the 
NOAEL is equivalent to approximately 1.05 mg DJkg body weight/day, 

For DS, a similar 28-day inhalation toxicity study in Fischer 344 rats reported by Bums-Naas et al. (1998) 
identified a NOAEL (also based on reversibie increase QI liver weight) of I, 14mg/L. Tbe,exposure period was the 
same as for the D4 study described above, W/d, Sd/wk for 28 days. Assuminga body tieigbt of 350 g, a minute 
ventilation rate for rats of 240 mL (Hayes 2005), and 5 percent retention {based dn the I& data of Plot&S et al. 
2000), the NCIAEL is equivalent to appro&nately 14 mg D3/kg bod$ weightioay. 
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This protocol was repeated with Dg, except that exposures .r&nged from 0.4 to 
3.5 g/m3 (expressed as mi!ligrams per liter in the origirkl; 27-240 ppm) 
(Kolesar, 199&d). At one month, all animals survived and,. gained weight 
normally. Upon termination of the study, only sligtit interstiti&l inflammation in 
the lung and. some liver cell enlargement were: jnoted in the h&he&-dose group. 
In the three-month study, redticed weight gain was observed in. #e highest-dose 
group. HematoIogy, clinical. chemistry, and urin~ysis yefe’ tinremarkable. 
Histopathological changes were observed in the lungs of a&m&s exposed to the 
higher concentrations of Ds, both those killed immediately a&r exposure and 
those allowed to recover for an additional’ month in air. M&e frequent 
interstitial ovarian, and vaginal lesions were also ‘seen in fbe highest-dose group. 
Exposures used in all these studies were quite hi&h; perhaps unrealistically so. 

The effects of inhaled D4 and. Q were also evaluated in reproductive toxicity 
tests. Male and female rats wire exposed to I+ coment&ation$ ranging from 70 
to ‘700 ppm (0.83-8.3 g/m’) ftir six hours a day’for a minimum.of 28 days or for 
70 days prior to mating. Ejiposure continued throughout &e gestation and 
lactation periods (except on :day 21 of gestajion and days 1-4 of lactation). 
Offspring w$re further exposid following weaning.on day 21 until day 28. They 
were thus potentially exposed to the test agent while in Ftero, throughout 
suckling, via. inhalation or d$rI+ contact during lactatioti, asld “via inhalation 
after weaning. Maternal toxicity cofisisting of slight reductlqn in body weight 
gain and hepatomegaly at autopsy was observed ai dose levels.of 300, 500, and 
700 ppm (3.5, 5.9, and 8.3 * g/m3). In the highest-doee g-rcrup, there was a 
consistent and reproducible reduction in fetal implantation sitE;s,and a decrease 
in mean live litter size. In the offspring, non exposure-related, signs of toxicity 
were observed (Stump, 1996a). No effect on litter size or pup viability and ~no 
signs of maternal toxicity were found in a study with Ds, when maternal animals 
were exposed to concentrations of 26 and 132 ‘ppm (0.38-I-9 g/m3) (Stump, 
19968). 

Decamethylcyclopzentasiloxslne (Ds) was also evaluated in a differeat laboratory 
(Lambing, 1996) . Exposures were six hours a day, seven days a week, for a 
total of 28 exposures, with exposure concentrations ranging from 1 d to 7 60 ppm 
(0.15-2.4 g/m3). A two-week recovery period &as included in.the experimental 
design. There were no test-related effects on survival, clinical: dondition, body 
weight gain, food consumption, clinical ch:mistry, and urifialysis at any _ 
exposure level. There were no adverse effecti on immunogh>bulin M (IgM) 
antibody response: to a T-dependent antigen (sheep .red blood cells). Changes 
noted were a 5% decrease in hematoc&, enlargement of the liver, and increased 
lung weight, all reversible ,upon cessation: of exposure. Microscopically, 
increased alveolar macrophage accumulation and some interWid inflammation 
in the lungs were observed. G&let-cell hyperpl+sia was found in the nasal 
passages, which was thought to be reversible: If the histopathological changes 

I2 Mentor Annotation: The full-length, peer-reviewed findings of ihis investigation Were published by Bums-Was 
et al. in 1998. 
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confined to level one in the nasal passages are taken into account, the no- 
observed-effect-level O \IOJX)” would be less thy’ 10 ppm.* A NOAEL for 
systemic toxicity (liver weight increase) was identified at 75 ppm (I.1 g/m3) and 
for immunosuppres:sion at I60 ppm (Lambing, 1996,). 

PresumabIy because some systemic effects such~ as Iiver enlargement were 
observed during inhalation of Da; a series of phm.acokinetic studies has been 
initiated. Rats were exposed ~by nose-only inhalation +&miqne to Da labeled 
with 14C. Concentrations used ranged from 7.5 io 716pp& (90 mg to 85 g/m3). 
The animals were killed immediately aAer exposure and at &elected intervals 
thereafter up to 168 hours. The animals retained approxi@atqly 5.5 of the total 
radioactivity delivered. Radioactivity was found in a31 tissues and reached 
maximum levels between zerq and three hours after exposur& except in ‘fat, 
which seemed to serve as a depot for radioactivity, Half-titneg.~of retention for 
combined radioactivity ranged ‘from 68 hours in plasma to 23’3 :houlrs in various 
tissues. Radioactivity was mostly excreted by breathing and excretion was most 
rapid within the first 12 hours. An initial rapid decline foIlowed by a longer 
terminal elim inatiqn phase ‘was also observed in a study *here rats were 
exposed for 14 days, first to unlabeled, and for. 1 day to labeled, D4 vapor 
(Ferdinandi and Be’attie, 1996a,b, 1997): Exposu?es in:th&a &h&l&on &dies 
reached very high levels. 

Studies have been performed t? examine, the implications of liver eniargement 
(McKim, 1995,199Ea,b)13. Ma le and female rats were expbsed for! four weeks to 
D4 at airborne concentrations of 70 and 700 ppm. Apimals were killed from 3 to 

. 28 days after exposure and after 7~ and 14 days of recovery.,In fen&es, liver size 
increased early during exposqe. At the end of the sttidy, Iiv$r weights were 
approximately 110% of controls in females and 11’7% in ma le&,. However, 
following cessation of exposure, there was a rapid decrease ‘in liver weight. 
Some liver enzymes and proteins were increased. It was concluded that Dd acted 
like a “phenobarbital-type” inpucer in rat liver.‘Essentially sim/l& observations 
were made in studies with i+aled and oral DS (M&m, 199”7). A metabolic 
study in rats showed that 75 to SOOr, of intravenously administerd j4CI labeled 94 
appeared in urine as dimetbylsilicone diol, tiethylsiliccmetrio$ and ‘five other 
m inor metabolites within 72 ho&s (Varaprath et al., 1997). 

Because D4 is foutid in personal care products such as hairsprays, shampoos, 
and deodorants and, together with Dg, has been fdund in i oar aitiospheres, a 
potentially large riumbqr of people are exposed daily (Shielcjs et al., 1996). Very 
small amounts of these compoqds are found in breast implants .(see Chapter 31, 
constituting exposures substaritially lower than those gossible from other, 
ubiquitous sources, ‘Recent studies have examined the effects ofinhaled Dq on 
humans. At a concentration of 10 ppm, a’ one-hour inhal&i&n did not &er 
human lung function. Deposit ion of D4 was calculated to be around 12%. 

l3 Mentor Annotation: The  full-length, peer-rev:iewed findings of this investigtition w&e publ ished by McKim et 
al. in 200 I. 
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Measurement of plasma concentrations showed a rapid ,n&linear blood 
clearance. Immune function, was evaluated by several ‘paqme@rs, such as 
measurement of serum acute-phase reactants, in.ierleukin-6. (ZL-6) levels, 
establishment of lymphocyte subsets, blast trzmsformation in i$at&d peripheral 
mononuclear cells, natural kil$er (NK) cell cytotaxicity, nd’in vitro production 
of cytokines. No signs of an immunotoxic or systt?mic i~~~m~~a~ury response 
were found (Loon&y et aI., 1398,Utell et al,, 1998). 

The authors pointed out that their studies did not preclude possible 
immunological effects with, exposures of lotiger d@atioas. or at higher 
concentrations. Since the route of exposure w& vi& ,i~~lat~o~; the negative 
findings should n&t be relied on tihen assessing the i~mun+&&l effects of 
implanted silicones in humans. Nevertheless, the low order of ro&Gty observed 
when Dq is absorbed and distributed systemicaify after z$ministration by 
inhalation or oral routes; tends to support the obsqvations ,pf lack of D4 
toxicology after systemic exposure by implant or injection, T@ .committee did 
not find data that would aIlowJ comparisons between .&ssiblq systetiic exposure 
to Q4 from common consumer products to lage gtibers &f the general 

/ population and estimated exposures from silicone gel-filled breast implants, i4 

In Vitro Assays 

Few in vitro studies on silicone- mate+ls have ‘been, published ;n the open 
literature. The LCSO of l$ : dqznethyltetrasilo~ane (L4), and tetramethyl- 
tetravinylcyclotetrasiloxane .(D’,+) on B-cell lymphoma, pla$maGytoma, and 
macrophage cell lines ranghd.from 30 to 50 micromolar (8.6-14.4 mg/l, D4). At 
lower concentrations, there were biochemical signs of eytat+jcity. Exposed 
macrophages produced mare IL-6 than did untreated, eels (Felix et al,, 1998). 
On the other hand, WI-38 human fibroblast, mouse fbrobltist, and Chinese 
hamster ovary cells, when grown in contact with silicone ~gel ‘used in breast 
implants, were not’adversely affected, even whea expoz&up io 12 days. Flow 
cytometry, a sensitive analytical technique, dii not ‘reveal any,chqges in ceil- 
cycle characteristids (Cocke etal,, 1987)‘ 

Results from in vitro mutagenicity assays tire non conclusively negative, 
although they are suggestively so, Poly-set-b~~y’lsilicate ester )(Silibate ‘Cluster 
102, Olin Corp.) and PDMS (53-96, GE. Corp.) were negative in the Ames test 
(TA-1535, TA-100, TA-153’8, and TA-98), with and v&huut metabolic 
activation (Marshall et al., 198 j), In 1988, it was repox?.@ .that 12 silicone 
compounds all tested negative for genotoxidity in salmoneila (Ames test), 
Saccharomyces cerevisiae, and Escherichia coli test systems. 
Hexamethyldisiloxane (Lz) aqd De at one dose and several other compounds, 

” Mentor Annotation: Shipp et al. (2000) provided an estimafe of 558 ugi’kgr’day for the dai.ty intake resulting from 
exposure to D., in a wide variety of personal cbe products. Owing &I currently redticid use ofDd in roll-on 
antiperspirants,, a current conservative estimat$ of iiaily intake fr,om personal care products is 78 ug/kgiday Weeks 
2002). 
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among them methyltriethoxysiloxane, produced ststek chromatid exchange, 
although often no ,dose-response relationship WI& found, and :~the results were 
considered inconsistent. Chromosome aberrations were &so found with some of 
the compounds (Isquith et al., 1988). In an evaluation of then mutagenicity of 
Dow Coming 7-9172 Part A (used to make gel+ with several--~ester..str~ns, with 
and without metabolic activation systems, rm positive. resporrses,, were found 
(Isquith, 1992). Six siloxanes were recently examined for mutageni-c activity in 
rat fibroblasts (Felix et al., 1998). Only one compound, 
tetravinyltetramethylcyclotetrasiloxane was found to ‘give & ‘weak positive 
response. The study was prompted by the observation that silicones could 
produce plasmacytomas in high3.y sensitive mouse strains. Since only one 
compound was found to be mutagenic, it’ was concluded, ‘that possible 
nonmutagenic mechanisms mig@t also be responsible ‘for pf‘asmacytoma 
development. r 5 

PLATINUM 

The potential toxicity of several ph&nrm conmounds has’ received some 
attention because they have been used.as catalysts in the manufacture of silic;one 
gels and solids. Platinum is present in small.amounts in implants (see Chapter 3, 
in which the amount of platinum and -the question of.its form are discussed). 
Reports that this platinum is in the form of; platinate (Cykissa et al,,. 1997) are 
unconfirmed (Lewis. and Lewis, 1989; Lewis ‘et al., 1997). Inhalation of 
platinum cornpour& is recognized as a problem: ,in the, smelting and refining 
industry. Platinum can produce, chemical pneumonitis (Furst anif Rading, 1998). 
Inhalation of complex salts-of platinum, but no@ elernenial pfatin,um, can cause 
progressive allergic and asthmatic reactions. Skin, contact with platinum, 
particularly its chlorides, which are powerful skin sensitizers, can cause contact 
dermatitis (American Conference of Governmental Industrial Hygienists, 1998). 
Cisplatin, an agent used in ,canc,er- chemotherapy, is .high& toxic to the 
gastrointestinal tract, kidney, bone marrow, and,peripher;tl nervous system, This 
compound does not occur in silicone breast implants, ‘however. 

Early toxicity tests, conducted bn a minimum number of anim s> showed little 
if any signs of toxicity for two piatinum compounds, Dow Corning Platinum 
Nos. 1 and 2 (Groh, 1973). Acute oral toxicity wti gre&er than 68 g/kg, and 
upon instillation of the liquids into~ the eyes of rqbbits; only a slight and transient 
irritation was noted. Mode&e to marked skin alterations were seen after 
repeated application of the undiluted substances. Edema< and hyperemia were 
mentioned, but without any quantitative scores Studies with Dow Corning X-2- 

” Mentor Annotation: Vergnes er al. (2000) pubtisked,a.vc3ry thorough evakuation of tkgeQotoxicity of 
octamethylcyclotetrasiloxane (OMCTS or I&). Their report included jhe r&&s of boih in vitro assays {bacterial 
mutagenicity, in vitro chromosomal aberration Iin CHO cells, sister chromatid exch&ge in CM0 cells) and in viva 
assays (in vivo chromosotial aberrations in rat *bone.marrow). The study authors concl@cd that “‘the results of 
these studies indicate that OMCTS’does not pokseis signifikant in i&o genotoxic p&&al” and that “no adverse 
genetic findings were seen in the in vivo screen for chromosome aberrations.” 
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70 18 gave essentially similar results (Groh, 1972). The platintin catalysts, when 
compounded into an elastomer, were nontoxic to human embryonic luqg cells in 
tissue culture. However, in liquid form, the catalysts were toxic, aithough this 
effect was abolished for Platinum No. 2 by heating. This seems to ‘indicate that 
compounding might eliminate toxicity by inactivatitig reactive sites (Jackson, 
1972). The oral toxicity of TX-82-4020-02 (M2PtCLs reacted with 
tetramethyldivinyldisiloxane and then diluted with DQW Corning SFD- 119 
fluid) was greater than 20 g/kg, and no signs of toxicity were‘observed during a 
two-week observation period .or upon autopsy of rats (de Vries and Siddiqui, 
f 982). 

BALB/c female mice received injections of ammonium hexachloroplatinate in 
the left footpad. Comparison of the weight of left popliteai lymph nodes with 
nodes collected from the right hi&leg showed that five, six, and seven days 
later, the weight of the lymph nodes was increased. This was taken. as evidence 
that platinum in its multi-valent state has immunogenic potential. (1Galbraith et 
al., 1993). The skin sensitizing potential of Platinum Nos, 2 and 14 was recently 
examined in a study with guinea ‘pigs (Fnzrdlay and Krueger, 1 ?&a,b). On day 1 
of the test, the guinea pigs received six intradermal injections’of Dow Corning 
2-0707 Intermediate (Platinum No. 4) or Dow Corning 3-8015 (Platinum No. 2) 
intradermally into the skin o:f the back over‘ the shoulder region. Negative 
(phosphate-buffered saline) and positiva (I-chlqro-2,4-nitraberrze~e) controls 
were similarly injected. On days 7 and 8, the same agents were reapplied; this 
time topically and under occlusion. A first challenge was appli&on day 22 and 
a second challenge on day 29: 24 and 48 hours afrer the chaflenge doses, the 
skin was examined and scored for signs of irritation with a quantitative 
procedure (Draizze scale). For this experiment, “both agents were found to be 
moderate skin sensitizers in guinea pigs although previous studies were said to 
be inconsistent with this result (Lane et al., 1998). l6 Available data provide littIe 
evidence that the platinum catalysts would have a particular systemic toxicity. 

I6 Mentor Annotation: More defmitive data regarding the potential for sensitiz$ion.in humans to the platinum 
catalyst used in the manufacture’of silicone medical devices was provided in an Obtuber 2000 submission to the 
U.S. EPA (OTS0559082- 1) by Dow Corning Corporation presenting the results of repeat insult patch testing in 
human subjects (Galvin 1999a, b): “Repeated human insult patch studies were condukted on-both platinum 
intermediates [DOW CORNING@ 3-8015 Intand DOW CORNING@ 2-0707 int’j to assess their potential to 
cause skin sensitization by long repeated topical applications of test substance to the &in of seiected subjects. The 
repeated insult patch test is a predictive patch study that can detect weak human sensitizers which require multiple 
applications to induce a cell-med.iated (Type IV} immune response-sufficient to cause an allergic reaction. Each 
study was comprised of three phases: (1) induction, (2) rest, and (3) chalfenge. The induction phase consisted of 
nine consecutive applications of:the test substance and subsequent evaluation of pat&sites, Semi-occlusive 2cm x 
2 cm patches were applied to the infrascapular area of the back to the bft br right of the-&line. Following the 
ninth evaluation, the subjects were dismissed for a 1Cday rest period. The cha~lengephase was initiated during 
the sixth week of the study, with&identical pat&es apphed to sites previous& unexposedto the study material. 
These patches were removed after 24 hauk and the sites graded after an additional 24 and 48 hours, i.e., 48 and 72 
hours after application. One hundred four subjects completed the study. Under the &$tions employed in these 
studies, there was no evidence of skin se&tization in humans to DOW CORNING@ J-8015 Int (Platinum 2) and 
DOW CORNING@ 2-0707 Int (Platinum 4).” ” 
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They may have sensitizing potential, but it is not clear whether this is a function 
of the platinum itself or of the entire molecule. 

Harbut and Churchill (1999) reporteda smalf case series of ei bit women with 
the onset of asthma at varying intervals after placement of &cone breast 
implants. These authors sgedulated that- the <respiratory signs and symptoms 
were the result of exposure I to hexachIoropla&ate in their ’ implants. No 
evidence for this was reported. “Conclusions regarding platinum, toxi&ty in 
women with breast impIants .should ,await evaluations that I;zositjve!y relate 
platinum to the symptomatology; these might incl$e some o,r ail of elevated 
serum platinum levels, positive skin prick tests for p@tinate, positive 
radioallergosorbent: (RAST) or other tests for @at&urn-specific antibodies, 
remission of allergic symptoms or reduction of serum platinum ‘levels -or skin 
prick or other allergic tests on explant&on in women ‘with no other known 
exposures to platinum (Biagini et al., 1985; Rosner and Me,rget, ? 990). Absent 
these tests, diagnoses of platinum toxicity in women with itiplants are 
speculative only. Since allergies and asthma ‘are extremely Common in the 
general population, they should beeommon in women w&h bre&st implants, yet 
epidemioiogical studies do not.report this. These complaints am not prominent 
in lists of problems with breast implant patients ,(see Appendix R of this report), 
and one cohort study of 222 women with breast.impiants and 8O.control women 
without implants found breathing difficulties to be signifi+ntliy less frequent (p 
< 0.05) in the women with silicone breast implants (K.E. We&,&t al., 1994). It 
should also be kept in mind that platinzun ~exposure from vehicle exhaust 
catalysts is increasing and is reflected in serum levels but not‘ in any known 
health condition (Fgrago et. al.,’ 1998). The committee could rrot find any such 
positive platinum-specific evaluations in women with breast .impiants and thus 
finds that evidence is lacking for an association between glat$Gm’ in silicone 
breast implants and local or systemic health effects. in women ‘who have these 
implants. If the platinum in breast-implants -is iti zero valence form in the final 
cured state in excess vinyl- as reported by Stein et al. (1999), and if. it is in 
microgram quantities as is usually. added to gel (Lane et ali; ‘1998$, as the 
current evidence suggests, then a biologically plausible-rationale- for platinum 
related health problems in women with si&one breast in$lanta does not 
presently exist. Many silicone-containing implants other. than ‘breast implants 
(listed in Chapter 2) are found ,at h&h-‘frequency in the general, population and 
presumably contain platinum also; the committee is not ,aware of any evidence 
that platinum toxicity is present’ in these persons. 

TINI 

The committee reviewed informat?on bearing on ttfe possil$e effect of tin on the 
safety of silicone breast imptants. Stannoui oct.aate, stzmno.us oteate or 
dibutyltin dilaurate catalysts are generally involved in forrnulattion of only part 

I7 Mentor Annotation: Tin catalysts are not used in the manufacture of Mentor Silicon< Gel-Filled Mammary 
Prostheses. 
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of an implant, e.g., the adhesive sealant in the case -oflDo& Corning and 
McGhan Medical or the RTV, elastomer shells of saline impl+nts in the case of 
Mentor and McGhan Medical j Corportitions. HTV gel-filled shells are platinum 
catalyzed (B. Purkait, personal communication; Mentor.Corpor;rtion, May 1999; 
Eschbach and Schuiz, 1994). Tin has been added at lcw concentrations (e.g., 
0.038 stannous oleate to formulate adhesives [about I.4 ug of. tin per. Dow 
Corning implant] ‘or targeted at 70-80 parts. per million tin from dibutyltin 
dilaurate in the case of Mentor saline implant shells and’ abou$ the same in the 
case of McGhan shells). Tin has been analyzed at non detectable to 0.73 ppm in 
saline or dichloromethane extracts of Dow Corning im&-&t sdi&o,ne gel (J. M. 
Curtis, Dow Corning, personal communication. May 11,1’999, Lane et al., 1998) 
or non detectable by inductively ‘coupled plasma atomic ,emisSion spectroscopy 
and cold vapor atomic absorption spectroscopy: in saline, etl@noI, methylene 
chloride or hexane extracts in the case of Mentor implant sh&s (B. Purkait, 
Mentor Corporation, personal communication, May 19993, or,measured within a 
range of 15 to 100 parts per million in saline shells and.non detectable in saline 
extracts of shell elastomer by inductively coupled piqrna <atomic emission 
spectroscopy (R. Duhamel:, .‘McChan Medici! ,Corporation, personal 
communication, 1999). Normal tissue concentrations of tin c&n be. higher than 
the levels in implants (0.25-130 &pm,-Clayton and Clayton, 1994). Total tin in 
an average imphi@, therefore, could vary from 1 or 2 ug to 1.9 mg as an upper 
limit in Dow Corning, Mentor ‘or ‘McGhan implants. 

The toxicology of inorganic and organic tin was reviewed extensively for the 
U.S. Public Health Service (Agency-for Toxic Substanc&s and D&ease Registry, 
1992) and a few studies of particular tin soap catalysts are available from 
industry. Human data for crganotins are sparse to nonexistent as are 
experimental animal data on: parentera exposures. The human permissible 
industrial exposure limit for organotin of 0.1 mg/m’ calculates to _ a maximum 
exposure of 14.3 mg/kg per day (American Council of Governmental Industrial 
Hygienists, 199~8). In general, +nimal data indicate oral toxic levels at more than 
10 mg (for the most toxic), although “absorption” of oral. -doses. is poor, and on 
inhalation no observable adverse effect levels @IOAELs),over r mg/m3. RTV 
elastomer with stqnous octoate was implanted~‘under the skin,, intraperitoneally 
and subdurally in rats. Although no toxic or carcinogenic effects. were observed 
over 22 months, this early study was not designed to examine tin toxicity 
(Agnew et al., 1962). Other similar implant, studies of s-tannous octoate 
catalyzed elastomers were also negative but were liot designed‘@ evaluate tin 
(Nedelman, 1968). Likewise, Dow Corning elastomers @ith 1,3 .and 5 stannous 
octoate were implanted subcutaneously and intramuscularly inrqbbits for 10 or 
30 clays, and no clear dose response’ was observed, only the usus foreign body I 

I’ This depends on saline shell weights which are quite v+riable, ranging it is said, f?ram a lower limit of 5 g (B. 
Purkait, Mentor Corporation, personal commtinicatjcn, 1999) to 1Q to 30 g (J.M. Curtis; Dow Coming 
Corporation, personal communication, 1999) tb amaxim& uiper’limit as high as i@jI g (with a lower average 
value; R. Duhamel, McGhan Medical Corporation; personal communication, 1999). RI&, these weightsare 
dependent on implant model and whether the &elI is smooth or textured. 
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reaction. In another Dow Corning study,~the oral LDjQ was 3.4g/k& (R. Meeks, 
Dow Corning, personal .communication, I ??9). $tudies of d&@&in dilaurate 
found LDso levels ranging from S-5 mglkg intrslperitoneally to between 175’ and 
1240 mg/kg body weight oral&. Sin gene&, these sub&a&es were not 
carcinogenic (Agency for Toxic Substances. and Disease Registry, 1992; 
American Conference of Governmental Industrial Hygienists, 1998; Clayton 
and Clayton, 1994; Hazardous. Substances Data 3ank; Mellon Institute of 
Industrial Research, 1.994; National Cancer Institute). These dqta suggest that 
toxic effects of even the most toxic (triorganotins-which have.%ot been found 
in breast implants) tin compounds are seen at doses abqe those possible from 
breast implants even in the most unlikely event af comp&te releaseof ail the tin 
into the breast. Moreover, the tin in breast implants appears to be: of relatively 
low toxicity among organic tin compounds, -and given the difficulty in 
extracting it, as noted above, and. the durability of silicope elastomer, as noted 
elsewhere in this report, unlikely to be signi@tndy available -to.surroundi.ng 
tissues. The committee concluded that there is currently no evidence for toxic 
effects of retained tin catalysts at the very low exposures likely from silicone 
breast implants. 

Historically, silicone toxicology ,has tended to focus on shortjterm, acute and 
subacute studies and has suffered from a proportionate dgarth of chronic, 
lifetime, and immunologic studies, asnoted earlier in this chapter. Presumably, 
this reflects early conclusions that silicones- Were inert. Some %&ones have 
clear biological effects; None can be said to be inert, if this irrrphes an absence 
of tissue reaction, but the term has perhaps been a used as a proxy to indicate 
that the toxicity of many silicones is.of such low order that %they comprise a 
useful class of biomaterials for medical implants. 

Older silicone toxicology studies have deficiencies by current sttidards, but the 
body of toxicological information is subs&r&& and improving. More chronic 
studies are being done, ahhough modern regulatory requirements will 
undoubtedly generate a closer: identification of ,siSicones $and other substances) 
in implants and more specifjc toxidological studies of appropriqte duration. 
Nevertheless, no significant toxicity has been uncovered,by stud@ of individual 
compounds found in breast implants Toxicology studies have. examined 
carcinogenic, reproductive, mutagenic, teratologis, immunotox&, and local and 
general toxic and organ effects by exposure routes that are ‘varied end range to 
very high dose levels. Even challenges by doses that are .many orders of 
magnitude higher than could be achieved on a relativeiweight- basis in women 
witch silicone breast implants are r@ssuring. ?ioxic effe@ that-have been found 
occur at very high, even extreme, exposure levels (e.g., ‘Dd, I&). The fact that 
some organic silicon compounds ,may have, as one would expect with any large 
family of chemical compounds, biologic or toxicologic effects is not relevant to 
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women with breast implants since these compounds are not found in breast 
implants, as noted here and in chapter 2. 

Studies using whole fluids, gels, elastomers, or experimental implant models 
injected or implanted in ways that are directly relevant’td the htiman experience 
with implants are also reassuring. These studies. show that depots of gel, 
whether free or in implants, remain almost entirely where’injejed or implanted. 
Even low molecular wei,ght cy+ic and linear silicorre fluids.appear to have low 
mobility. Half-lives of low moIecular:weight s&ones mbody Auids and tissues 
have been measured infrequently, but known values appear 6 b-e on-the order of 
1 to 10 days. In general, ,there do not appear to be long-term systemic toxic 
effects from silicone gel implants or from unsuspected compounds in these gels 
or elastomers detected by these; animal experiments. 

Some have speculated that plat!num found in silicone gel and elastomer may be 
responsible for allergic disease in women with silicone breast implants. Very 
little platinum, microgram quantities, is ‘present in impiants, ‘most. investigators 
believe it to be in the zero valence state,’ and- it likely diffuses through the shell 
at least over a considerable period of time. ,Evidence for msulting systemic 
disease at such exposures is’ lacking. 

Toxicological studies of tin compounds used in silicone breast implants are 
scarce, and generally not of pare&rally administered tin. The data on 
organotins indicate that tin catalystsare among the less toxic, a;nd they have not 
been extractable from implants shells by saline and / some organic s&en&. 

. Based on the data available, the committee’ Concluded, that evidence is also 
lacking for tin toxicity at the very low amounts.present in saline implants and at 
the virtually absent levels in gel filled implants. 

[NOTE - Bibliography of refere+ces’ cited in the &sppter above and by Mentor catl be 
found at the very end of this literature review se&cm,] 
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Mentor Corporation concurs with the IOM committee’s findings that ““there do not appear to be 
long-term systemic toxic effects from silicone gel implants or from unsuspected compounds in 
these gels or elastomers detected by Ithese animal experimerits,” and: that :there is no credible 
evidence linking platinum in silicone gel anrf elastomer with systemic disease. 

In addition to the extensive iOM revjaw of preclin$al data presented above for a wide range of 
silicone materials (as well as platinum), discussion is provided below of safety information for 

<mate&@ and xylene, the primary solvegt uspd by Mentor in the 
manufacture of silicone geLfilled mam&ary prostheses. 

Materials :, 

silicone gel-filled mammary 
me!. ‘NQ pertinent literature 

f$cture ‘were identified. As part 
d long-term preclinical 

&id. The results of this 
testing, which did not rev&al. any significanf tidveise effects, are ‘included elsewhere in this 
PMA module. 

Xylem 

1. Introduction 

Xylene is a eolorless, volatile solvent with a sweet odor. It has a t&ecular weight of 106.16 
and a boiling point between 137 and 14OYJ. It is practically insolubla’in water, but is miscible 
with absolute alcohol, ether, and other organic liquids (ATSDR ,E995; VSDB 2002). Xylene is 
used in solvents and thinners, in che*ical synthesis, as ari ingredient‘.& -the coating of fabrics 
and papers, in the manufacture of polymers and pbrmaceuti6als, aqd >as an ingredient in 
airplane fuel and gasoline (ATSDR 1995). There are three isomerig, forms of xyiene: meta- 
xylene (m-xylene), para-xylene @-xylene), and ortho-xylene fo-xyjen@. Mixed xylene, the 
commercial product, is a mixture of the three isomers. 

This review of the toxicity of xylene focuses on data most relevant~ to &he type of exposure 
associated with the medical device. 

2. Pharmacokinetics 

Xylene is well absorbed after oral land ilihalation expqswe ,(ATST)R 1995). Absorption 
following ingestion has been shown to occur in humans but has not been quantified. Animal 
data indicate that xylene is almost completely absorbed (87-92%) follo”wing an oral dose of 1.7- 
1.8 g (ATSDR 1995). Results of studies in human subjects indicated .&tit 50 to 73% of inhaled 
xylene is retained. Dermal absorption of xylene vapor .is considered,min.or compared ‘to that 
absorbed through the lungs, although dermal absorption Gsociated tit$ direct skin contact may 
be significant (Forsyth and Faust 1994$ 
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Xylene is very soluble in blood and is rapidly distributed throughout ,the body. Due to its 
lipophilic nature, xylene is primarily distributed to adipose tissue an&at least in animals, to 
lipid-rich tissues of the brain, fat, and:blood and to welltperfused organs such as the liver and 
kidney (ATSDR 1995). 

Regardless of route, isomer, or administered &nount, .xylene is predominately metabolized by 
mixed function oxidases in the liver via oxidation of the sideehain methyl group to 
methylbenzoic acids, which are then :ex&eted in urine free or conjug&ted with glycerine as 
methyl hippuric acids (ATSDR 1995; ~Fomyth and Faust 1994). ‘In-humans and animals, about 
SO-95% of absorbed xylene is excreted as urinary metabolites and approximately 5% is 
released unchanged through exhaled breath (ATSDR 4 995; Forsyth and Faust 1994): 

3. Noncarcinogenic Health Effects 

a. Acute Toxicity 

Data on the acute toxicity of xylene in humans come from &se.reports of accidental and 
occupational exposures. Poisoning due to accidental ingestion of a paint thinner containing 
90% xylene resulted in hepatitis, which reversed within 20, >days @IQSH 1975). Acute 
ingestion of unknown quantities of. xylene has been reported to, produce coma, severe 
gastrointestinal discomfort and to> possibly lead to death due to, respi,mtory failure in humans 
(Forsyth and Faust 1994). If aspiration into the lungs occurs, chemical pneumonitis, pulmonary 
edema, and hemorrhage may result (NIOSH 1975). Transient skin ir&atian, vasodilation, and 
dryness and scaling of the skin have been associated with acute dermal: exposure to m-xylene in 
hand immersion studies (ATSDR 1995). Eczema and skin frritatioi have been reported in 
workers who have come in contact with xylene solvents (Low 1989). _ 

The acute toxicity of xylene is classified as shght, based on the toxicity cIas@ication scheme of 
Casarett and Doull’s Toxicology @ouIl et al. 1980). Rabbits and ,guinea pigs treated topically 
with mixed xylenes showed signs of mild to moderate skin irritation (ATSDR 1995). 

Reported acute oral LD.50 values in rats for mixed xylenes range from. 3,523 mg/kg to 8,6UO 
mg/kg. In mice, the acute oral LD.56: for mixed xylene, is 5,627 mg&f: for males and 5,25 1 
mg/kg for females (ATSDR 1995). Symptoms of acute oral exposumin experimental animals 
include impaired visual function, increased liver weights, and cen.traI nervous system effects 
including tremor, prostration, hunched posture, loss of hind leg movement, and labored 
breathing (ATSDR 1995; NTP’l986): 

b. Subchronic and Chronic Toxicity 

Repeated dermal exposure of humans’ to, xylene may cause, drying and defatting of the skin, 
leading possibly to dermatitis (Cavender 1994). No other kxm& sttid$es involving subchronic 
or chronic exposure to xylenes were located. 

Rats administered 200 and, 800 mg/kglda$ m- and p-xylene. by gavage for 13 weeks exhibited 
no treatment related effects other than incqzased s&v&on, decreased &verage body weighi; and 
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decreased heart weight at the high dose QATSDR 1995); No adverse ei-fects were observed in 
rats administered up to 1,000 mglkglday mixed xylene by gavage fur 13 weeks, Mice receiving 
2,000 mg/kg/day mixed xylene by gavage developed short and, shallow breathing, unsteadiness, 
tremors and paresis within 5 to 10 minutes of exposure (NTP %986), Enlarged livers and 
kidneys have been observed in rats exposed to 150,750, or 1,500 mg/kg/day mixed xylenes by 
gavage for 90 days (Forsyth and- Faust 1994). Intermediate dermal exposure to undiluted 
xylene produced dryness, scaling and :Iocalized edemaof the skin in mice (ATSDR 1995). 

The National Toxicology Program @UP 1986) conducted a two-year gavage study of mixed 
xylene in rats and mice. Decreased body ,weight gai.n .and increased moitality were observed in 
rats exposed to 250 or 500 mg/kg,‘day, ‘Mice exposed to liO#O’ mg/kg/day exhibited 
hyperactivity. No compound-related histopathological lesions .wereobserired in any of the 
treated animals (NTP 1986). The NQAEL fir male rats in these z&dies was 250 mglkglday. 
The results of this bioassay were used by the U.S. Environmental .Pro~t&tion Agency to derive 
an oral reference dose (RfD) for xylene (z1.S. EPA 2002). 

C. Reproductive and Developmental, Effects 

No human data useful for assessing: the potential reproductive or develqpmental toxicity of 
xylene are available (ATSDR 1995). 

No reproductive effects were found ,in rats following inhalation exposure to mixed xylenes 
during premating, mating, pregnancy? and lactation at xyIene.vapor~conee&rations as high, as 
500 ppm (ATSDR 1995). ATSDR (1995) noted that histopathaiogi~al examination of 
reproductive organs following subchronic and chronic exposure to xyjene (including the 1986 
bioassay conducted by NTP) revealed,no effects- 

Several studies involving oral, inhalation and dermal exposure to xylene suggest that xylene 
may be associated with fetotoxic effects,‘although a number of the avail&le studies are limited 
and most of the effects may have been secondary to m&ma1 toxicity (ATSDR 1995). 

An increased incidence of cleft palate and decreased fetal weight’ were reported in rats 
following maternal exposure by oral gavage to 2,060 mgr’kglday mixed:%ylene in cottonseed oil 
on gestation days 6-l 5. Maternal toxicity (3 1.5% mortahty) was evident at a dose of 3,100 
mgikglday. Doses of 1,030 and ,520 m&kg/day resulted in no apparent maternal or 
reproductive toxicity (Marks et al. 1982, as cited in ATSDR 1995). Nawrot and Staples ($980, 
as cited in Forsyth and Faust 1994) evaluated the developmental toxicity of individual isomers 
of xylene in the mouse. Mice administered 3,000 mg/kg/day of m-xyb,ene on gestation days 6 
to 15 exhibited a significantly increased incidence .of resorptions andioyert maternal toxicity. 
These effects as well as an increased incidence of cleft pafate were Observed in offspring of 
mice receiving 2,250 and 3,000 mg/kg/day o- and ,pxylene. No “apparent fetal or maternal 
toxicity was observed at SO0 mg/kg/day with any isomer (Nawrot and ‘Staples 1980, as cited in 
Forsyth and Faust 1994). 

Inhalation studies in rats and mice inqhcate that exposure to v?pors of mixed xylene or xyfene 
isomers may induce increased fetal death, decr&sed fetal weight, delayed skeletal 
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development, skeletal anomalies, enzymatic changes in fetal organs, and maternal toxicity 
(ATSDR 1995). These studies showed a large variation in air co?centrations of xylene 
producing developmental effects and Ithose producing no developmental effects, and may be 
due to such factors as inter-species or interstrain differences ,in sensitivity, purity of xylene, 
exposure duration, endpoint measured,’ concurrent maternal toxicity, and ‘study quality (ATSDR 
1995). 

No evidence of fetal toxicity was seen in.rats exposed dermally to a 1% solution of xylene by 
the coapplication of a surfactant (ATSDR 1995). Decreased enzyme activity in fetal and 
maternal brain tissue and impaired, .motor activi-ty in dams .was reported by Russian 
investigators (Mirkova et al. 1979, as- citerd in ATSDR I995) following derrnal exposure to 200 
mg/kg/day. ATSDR (199.5) noted deGcienc@s (including inaillequate information on dosing 
schedule and xylene composition) in this study. 

Based on the developmental toxicity data for xylene foltowing era1 administration in 
experimental animals, it would appear .that the oral NOAEL for develapmental effects of 
xylene is 1,030 mg/kg/day,‘and the LOAEL is 2,061) mgfkg/day. 

4. Carcinogenicity 

The available data indicate that xylene’is not genotoxic-in. humans and-atiimals. Xyiene did not 
induce sister chromatid exchanges or, chremosomal aberrations in tcyo occupational studies 
(ATSDR 1995). Dominant lethal mutations or chromosomal abEormahtics .were not induced in 
rats orally exposed to xylene (Reprotext 1994). Xyteme was not mutagenic in bacteria, yeast, 
mammalian, and other in vitro and in vivo assays (ATSDR I995): 

Data regarding the development of cancer in humans following exposure to mixed xylene or 
individual isomers are limited to ~occupational studies. Because of limitations in the available 
epidemiologic studies, conclusions’cannot be reached regarding the carcinogenicity of xylene 
associated with inhalation *exposure (ATSDR 1995). No information ,was‘ located regarding 
carcinogenic effects in humans following’ ingestion or dermal~exposure..tq xylene, 

Animal carcinogenicity data are limited to oral studies with mixed xylene and dermal studies in 
which the isomeric composition of xylene is not known. In a twcqear study conducted by 
NTP (1986), there was no evidence of- carcinogenicity in .rats or mice at any dose tested. 
Animals were administered mixed xykne at doses of 250 or 500 mg&g/day (rats) or 500 or 
1,000 mg/kg/day (mice) in corn oil for 103 weeks. Maltoni et al. (,19SS) administered 500 
mg/kg/day by gavage in olive .oil ,to rats for 104 weeks. _ A higher incidence of malignant 
tumors in males and females than in controls was reported; however, the results of this study 
provide insufficient evidence of carcinogenicity because survival rates and spec$ic tumor types 
were not provided (U.S. EPA 2002). LWiluted xylene applied to the skin,of mice for 25 weeks 
produced tumors in 1 of 4Q mice (Forsyth and Faust 1994). Negative rest&s were reported in 
initiation-promotion experiments with, xylene as the initiat~or and croton oil as the promoter 
(Forsyth and Faust 1994). U.S. EPA (2002). categorizes xylene as a Group 5, carcinogen, not 
classifiable as to human carcinogenjcitp. 
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5. Safety Assessment 

U.S. EPA (2002) has derived an oral RID for xylene of 2 mglkglday. This RfD is derived from 
a two-year study conducted by NTP. As stated above, rats were administered 250 or 500 
mg/kg/day and mice were administered 500 or 1,000 mglkglday mixed xylenes by gavage for 
103 weeks. A slight decrease in body weight gain was observed in rats at the high dose. There 
was a dose-related increased mortality in male rats, which was significantly greater in the high 
dose group compared to controls. Mice given 1,000 mglkglday exhibited hyperactivity. There 
were no compound-related histopathological lesions in any of the treated animals. Therefore, 
the high dose in the rat study is considered a frank effect level (FEL) and the low dose a 
NOAEL. An uncertainty factor of 100 for species-to-species extrapolation and to protect 
sensitive individuals was applied. 
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DESCRKPTION OF STANDARII EHQLUGICAL TEST 
PROCED’U 

In order to perform many of the raw material qualific@ion tests and some of the final device 
qualification tests, Mentor contracts with outside laboratories to perform widely accepted 
basic toxicityfbiocompatability tests usually per USe and/or ISQ uidelines. Because these 
standard tests were performed by a limited number of vendors, and ;are repeatedly performed 
for most of the raw materiak used in or during the rn~~fact~~g process, this section of the 
submission will generically describe how the tests were performed. The actual results of the 
tests can be found in the Raw Materials Testing Section and Finished Product Testing 
Section of this PMA section. 

NAmSA is Mentor’s primary contract laboratory for: performing @-to-lot biological testing 
associated with incoming inspections and for some standard finished product tests. Other 
laboratories have been used on occasion for selected tests. 

Material extractions are required for several of the qualification tests, The ratios for extraction 
have been established by USP and are provided below: 

Material Thickness: 
< 0.5 mm - ratio of 120 cm2: 20 mL 
2 0.5 mm - ratio of 60 cm2: 20 rnL 
Irregularly shaped objects - ratio of 4 gqrns: 20 mL 

Standard Extraction Vehicles: 
Sodium Chloride (saline) 
Cottonseed oil (CSO) 

TemDerature and Time: 
Extraction in 0.9% sodium chloride and cottonseed, oil (distilled water 
also) are usually performed @t one of four stan&rd temperatures and 
times: 

121°C for 1 hour 
70°C for 24 hours 
50°C for 72 hours 
37°C for 72 hours 

The temperature selected is based on the heat resistance of the material. 
Extractions in cell culture media (Minimum Essential Medium - MEM) are 
performed at 37°C for 24 hours. 

The biocompatibility test systems applied here are designed to subject the material to a variety 
of conditions simulating the environment found within the human body. These tests range from 
acute toxicity to go-day implantation. Completion of these tests provides assurance that the 
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material is biocompatable and may be safely used as part of gel-filled mammary prostheses. A 
description of the biocompatibility tests performed in the biological qualification of a material or 
component is shown below. 

MEM Elution 

Objective: To evaluate the cytotoxicity of a test material extract using an in-vitro 
mammalian cell culture test. 

Procedure: The test article is extracted in Minimum E$ential -Medium (MEM) 
for 24 hours at 37OC per USP Guidelines. A portion of the extract is placed in 
direct contact with a confluent monolayer of L-929 Mouse Fibroblast cells. As a 
negative control, cells are exposed to ,a MEM solution that underwent the 
extraction procedure in the absence of test material or in the presence of a 
negative control material. Cell exposure to a MEN extract of latex, USP 
Positive Control material, or positive control mateGal supplied by the testing 
laboratory served as the test’s positive control. The sample and controls are 
incubated for up to 72 hours at 37”C, after which the cell cultures are examined 
microscopically and scored for cytotoxicity. 

At NAmSA, a nontoxic, intermediate, or toxic result .is based upon presence (+) 
or absence (-) of a confluent monolayer, vacuolatiob, cellular swelling, and 
crenation (abnormal notches on cell surfaces due to shrinkage of cells). The 
percent of cellular lysis at 24, 48, and’ 72 hours is also determined. These 
parameters constitute the cytotoxic effect (cTE). 

At Nelson Laboratories (Salt Lake City, UT) the magrritude of cell response is 
scored on a scale of 0 to 4: (results from $.hree wells are averaged to give a final 
cytotoxicity score) 

0 negative; cell destruction not ~gni~c~tly greater than negative 
control 

1 _i 20% rounding, occasional lysed.celIs 
2 >20 to 5 50% rounding, extensive cell lysis 
3 > 50 to 5 70% rounding and lysed cells 
4 nearly complete cell destruction. 

The sample passes if the negative controls and the n+dium controls have a 0 
score, three of the positive controls have a score of 3 a- higher, and none of the 
cell cultures exposed to the sample shows greater than grade 2. 

IS0 MEM Elution Method 

Objective: To evaluate the cytotoxicity ofa test material extract using an in-vitro -- 
mammalian cell culture test. 
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Procedure: The test article is extracted in Minimum Essential Medium (MEM) 
for 24 hours at 37°C per USP guidelines. A portion of the extract is placed in 
direct contact with a confluent monolayer of L-929 Mouse Fibroblast cells. As a 
reagent control, cells are exposed to a MEM solution that underwent the 
extraction procedure in the absence of test .material. As a negative control, cells 
are exposed to a MEM solution that underwent the extraction procedure in the 
presence of a negative control material. Cell expowre ‘to a MEM extract of 
latex, USP Positive Control material, or positive control material supplied by the 
testing laboratory served as the test’s positive control. The sample and controls 
are incubated for 48 hours at 37OC, after which the cell cu&ures are examined 
microscopically and scored for cytotoxicity using the following system: 

oplasmic granules; 

For the suitability of the system to be :confirmed, the negative controls must 
have been a grade of 0 (reactivity none) and the positive eontrols must have a 
grade of 3 or 4. The test article passed: if all three of the monolayers exposed 
to the test medium showed no greater than a grade of 2 (mild reactivity). The 
test would have been repeated if the controls did not .perform as anticipated 
and/or if all three test wells did not yield the same con&&on. 

Agarose Overlay 

Objective: To evaluate the cytotoxic potential of a test article or extract using an 
in vitro mammalian cell culture. 

Procedure: The agarose overlay procedure is a cytotoxicity test used to detect 
the presence of diffusible toxic substances. A monolayer of L-929 Mouse 
Fibroblast cells is grown to confluence. and overlaid with Minimum Essential 
Medium (MEM) supplemented with serum, antibiotics, neutral red, and agarose. 
The test sample or a filter disk saturated with 0.1 ml of the test sample extract is 
placed on the solidified agarose surface.: The same is done for the positive and 
negative controls. Foll,owing an incubation period of at least 24 hours at a 
temperature of 37V, the cultures are examined for cell decoJorization and lysis. 
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NAmSA uses a scoring system based on cell decolorization and cell morphoi- 
ogy. This results in a CTE (Cytotoxic Effect) score of eit r toxic or nontoxic 
using the following criteria. 

CTE SCORE 
(N) Nontoxic 

(T) Toxic 

OBSERVATIONS 
Normal cell morphology in proximity to test 
sample 
Cellular death and/or degeneration associated 
with the area beneath the test sample and 

Where a zone of lysis is 

A sample is non-cytotoxic if the cell lysis is not signi~ca~tly greater than that of 
the negative control. 

IS0 Agarose Overlay 

Objective: To evaluate the cytotoxic potential of a test article or extract using an 
in vitro mammalian cell culture. 

Procedure: The agarose overlay procedure is a cytotoxicity test used to detect 
the presence of diffusible toxic substances. A monolayer of L-929 Mouse 
Fibroblast ceils is grown to confluence $nd overlaid tith Minimum Essential 
Medium (MEM) supplemented with serum, antibio@cs; .neutral red, and agarose. 
The test sample or a filter disk saturated with C?.l ml of the test sample extract is 
placed on the solidified agarose surface. The same is done for the positive and 
negative controls. Following an incubation period of at least 24 hours at a 
temperature of 37”C, the cultures are examined for cell decolorization and lysis. 

For this IS0 version of the test, NArnSA uses a macroscopic and microscopic 
scoring system based on cell decolorization and cell1 morphology. This results in 
a CTE (Cytotoxic Effect) score of either toxic or nontoxic using the following 
criteria. 

! 
I 3 I Moderate 1 Zone extends 5-10 mm beyond specimen and up to 4 mm 1 

For the suitability of the system to be confirmed, the negative controls must 
have been a USP grade of 0 (reactivity none) and the positive controls must 
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have a zone of lysis. The test article passed if all three of the cell cultures 
exposed to the test article showed no greater than a USP grade 2 (mild 
reactivity). The test would have been repeated if the:controls did not perform 
as anticipated and/or if all three test wells did nut yield the same conclusion. 

USP Mouse Systemic Toxicity (and IS0 Acute Systemic Toxirity) 

Objective: To evaluate acute systemic toxicity of leachables extracted from the 
test article within seventy-two hour; following a single intravenous or 
intraperitoneal injection in mice. 

Procedure: The USP Mouse Systemic procedure evaluates the potential for a 
single injection of a material extract to cause a systemic toxic effect. The test 
material is extracted under USP guidelines in any of the follo&ng vehicles: 
0.9% sodium chloride, USP solution-(SC); alcohol in saline 1:20 solution (AS); 
polyethylene glycol 400 (PEG); and/or cottonseed oil, WF (CSO). The control 
blanks are the extract vehicles that underwent the extraction procedure in the 
absence of the test material. The PEG and its control blank are diluted with 
sodium chloride after extraction to obtain 200 mg of PEG per ml. 

Healthy, young albino mice ranging in body weight from 17 to 23 grams are 
used as test animals. The animals, identified by fur marking or ear punch, are 
group housed in stock cages and offered food and ‘water d fibitum. Two 
groups, each consisting of five mice, arc used for each extract medium. One 
group of animals is injected ($0 ml/kg SC, AS, and CSO; 10 g/kg PEG) with the 
test article extract, while the other group is injected with the control solution 
(blank extract). The sodium chloride and,alcohof in saline solution are injected 
intravenously; the polyethylene glycol and cottonseed oil are injected 
intraperitoneally. The animals are observed fcr abnormal behavior at 0, 4, 24, 
48, and 72 hours post injection. 

Initial and final animal body weights are recorded, as Vvell as abnormal reactions 
and mortalities. A negative response is one in which, during the observation 
period, animals treated with the sample extract do not demonstrate a 
significantly greater reaction than the animals treated with a’ negative control. If 
two or more mice died, or if abnor&al behavior such as convulsions or 
prostration occur in two or more mice, or if body weight loss greater tban 2 
grams occurs in three or more mice, the test sample does not meet the USP test 
requirement, 

USP Rabbit Intracutaneous Toxicity 

Objective: To evaluate the locai dental irritant or toxic effects of leachables ex- 
tracted from the test.article following intr&utaneous injection in rabbits. 
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Procedure: Materials are extracted under USP guidelines in any of the following 
vehicIes: 0.9% sodium chloride, USP solution; alcohol in-sahne 1:20 solution; 
polyethylene glycol 400 (PEG); andJar qottonseed oil, NF. The control blanks 
are the extract vehicles that underwent the extraction procedure in the absence of 
the test material. The PEG extract and its control b-la+ are diluted with sodium 
chIoride after extraction to obtain 120 mg of PEC per ml. 

Two to four (depending on the number of extraction vehicles used) healthy New 
Zealand White rabbits, free of sign&&t dermal blemishes, are used as test 
animals. The same rabbits may be used for alall extract media. Animals are 
housed individually, fed daily, and atlowed water @.. libiturn. Prior to injection, 
the hair is closely clipped from the injection site of each rabbit. Exactly 0.2 ml 
of the test article extract is injected intracutaneously into five separate sites on 
one side of the back, while 0.2 ml of the negative control sofution (blank extract) 
is introduced into separate sites on the omer side of the back; Observations for 
erythema (redness) and edema (swelling) are made at 24,48, and 72 hours after 
injection. 

The rabbits are studied for erythema and edema separ&ely using a scale of 0 to 
4. A score of 0 indicates a negative response, where&s a grade of 4 reflects a 
maximal response. The grading scale .for erythema and edema‘ is discussed 
below: 

0 No erythema; no edema 
1 Very slight erythema; very slight edema (barely perceptible) 
2 Well defined erythema; slight edema 
3 
4 

Moderate to severe erythema; moderate edema 
Severe erythema tith slight eschrir (injury in depth}; severe edema 

The cumulative average erythema and edema score for each test article extract 
and corresponding control blank are calculated. Foreaeh extract, a difference in 
average scores (test mislus control blank) of 1.0 or less is considered to be 
acceptable. A difference of 0.6 to 1 .O indicates a sligl& but acceptable, reaction. 
A difference of >1 .O is considered to be unacceptable. 1 Additionally, the average 
score for each test extract and blank is calculated for each interval. Any adverse 
reaction noted in the test extract is compared to the corresponding blank. A 
material passes if the difference in average erythemtiedema score of the test 
extract minus the negative control is 1 .O or less. 

IS0 Acute Intracutaneous Rewtivity 

Objective: To evaluate the Iocal dermal irritant or toxic effects of feachables ex- 
tracted from the test article following intracutaneous injection in rabbits. 

Procedure: Materials are extracted under USP guidelines in any of the following 
vehicles: 0.9% sodium chloride, USP solution; alcohol in saline 1:20 solution; 
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polyethylene glycol 400 (PEG); and/or cottonseed oil, NF, The control blanks 
are the extract vehicles that underwent the extraction procedure in the absence of 
the test material. The PEG extract and its control blank are diluted with sodium 
chloride after extraction to obtain 120 mg of PEG per ml. 

Two to four (depending on the number of extraction vehicles used) healthy New 
Zealand White rabbits, free of significant dermal biemishes, are used as test 
animals. The same rabbits may be used for all extract media. Animals are 
housed individuaIiy, fed daily, and allowed water ad ii@um, Prior to injection, 
the hair is closely clipped from the injection site of each mbbit. Exactly 0.2 ml 
of the test article extract is injected intracutane~usly &to five separate sites on 
one side of the back, while 0.2 ml of the negative control solution (blank extract) 
is introduced into separate sites on the o&er side of th& back. Observations for 
erytheia (redness) and edema (swelling) are made at 24,48, and 72 hours after 
injection. 

The rabbits are studied for erythema and edema separately using a scale of 0 to 
4. A score of 0 indicates a negative response, whereas a grade of 4 reflects a 
maximal response, The grading scale for erythema and edema is discussed 
below: 

0 No erythema; no edema 
1 Very slight erythema; very slight edema (barely perceptible) 
2 Well-defined erythema; well-d&ied edema 
3 Moderate erythema; moderate edema 
4 Severe erythema to eschar formqtion preventing grading of erythema; 

severe edema 

For each animal, the erythema and edema scores obtained at each time 
interval will be added together and: divided by the total number of 
observations. This calculation will be conducted separately for each test 
extract and reagent control. The score for the reagent control will be 
subtracted from the scure for the test extract to obtain the Primary Irritation 
Score. The Primary Irritation Score of egch-animal will be added together and 
divided by the total number of animals. The value obtained is the Primary 
Irritation Index (PII). The primary Ir&$ion Index is characterized by number 
and description as follows: 0 - 0.4 (nigligible), 0.5 - 1.9 (slight), 2.0 - 4.9 
(moderate), 5.0 - 8.0 (severe). Any adverse reaction noted in the test extract 
wil1 be compared to the corresponding reagent control. ’ 

Hemolysis (Direct Contact) 

Objective: To determine whether the test article or leachables from the test 
article will cause hemolysis in v&u. 
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NAmSA procedure for pre-1998 testing: ,A 0.2mI sampfe of rabbit blood is 
added to two test tubes each containing test article and IO ml of 0.9% sodium 
chloride solution. Positive and negative s’&mple controls are prepared in a 
similar fashion. The sample preparations are then incubated for I hour at 37°C 
followed by centrifugation for 10 minutes at not less thcin 1000 x g. Absorbance 
values are obtained spectrophotometricaily (545 nm) for the test sample 
preparation (SC Test) and compared to that of the negative control. This 
determines the extent of red blood cell lysis caused by the test article extract. 
The negative control (SC Negative Control) consists of a sodium chloride blank. 
USP purified water acts as the positive control (PW Positive Control). Any 
extractions are performed per USP guidelines. 

The percent hemolysis of the sample is determined according to the formula: 

% Hemolysis = SC Test - SC Negative Contra1 x 100 
PW Positive Control 

A mean hemolysis value of the duplicate test samples of 5% or less is 
considered acceptable. 

NAmSA procedure’ for post-1998 testing: Using a USP.60 cm”:20 ml ratio, 
material samples are covered with ari appropriate amount of 0.9% sodium 
chloride USP solution (SC). Pooled rabbit blood is diluted with SC to a 
constant hemoglobin concentration. Based on a ratio of 1 ml diluted blood:8 
ml vehicle, the appropriate volume of diluted blood is added to the test sample 
and control (positive and negative) tubes. The tubes are inverted and then left 
stationary for 4 hours at 37’C. Following the incubation, the supernatants are 
centrifuged for 15 minutes at 100 - 2QO x g, transfered, to new centrifuge tubes 
and centrifuged again for 5 minutes at 700 - 800 x g. A I ml aliquot of each 
test supernatant and positive and negative supematant is added to individual 3 
ml portions of Drabkin’s reagent and allowed to stand for I5 minutes at room 
temperature. The absorbance of each sample is determined 
spectrophotometrically at 540 nm. A hemoglobin starrdard curve is prepared 
using Sigma Hemoglobin Reference Standard and Drabkin’s Reagent. The 
hemoglobin concentration of each test article sample :and’ the positive control 
are then determined by linear regression using this hemoglobin standard 
curve. The percent hemolytic index is c+lculated as follows: 

% Hemolytic Index = 
Hemoglobin Present 

The hemoglobin present is confumed by adding 0.2 ml of diluted blood to IO 
ml Drabkins Reagent and obtaining absorbance readi 

A hemolytic grade is assigned as follows: 
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It 
I 

Above 40% Severef; Hemol& 1 

A mean hemolytic index of the duplicate SC test s;arnples of 2% or less is 
considered to be non-hemolytic. For the suitability of the system to be 
confirmed, the negative control must have an absorbance value < 0.02 and the 
positive control must have a hemolytic index > 85%. 

Hemoiysis (ExCract Method) 

Objective: To determine whether leachabites extracted from the test article will 
cause a significant level of hemolysis in vitro. 

NAmSA procedure for pre-1998 testing: Using a USP, ratio of 60 cm2:20 ml 
(sample surface area to volume of vehicle), the test sample is extracted for 72 
hour at 50°C or 24 hours at 37’C. The: negative control consists of a sodium 
chloride blank, The positive control consists of USP “purified water (PW). A 
0.2ml sample of rabbit blood (collected in EDTA on the day of the test) is added 
to 10 ml of the test sample extract or the controls, incubated for 1 hour at 37”C, 
followed by centrifugation for IO minutes at not less than 10 x g. Absorbance 
values are obtained spectrophotometrically (545 nm) for the test sample 
preparation (SC Test) and compared to that of the negative control. This 
determines the extent of ‘red Mood cell Iysis caused by the test article extract. 
The percent hemolysis of the sample is determined according to the formula: 

% Hemolysis = SampIle absorbance -, SC negative control x 100 
PW positive control 

A mean hemolysis vaIue of the duplicate test samples of 5% or less is considered 
acceptable. 

NAmSA procedure for post-1998 testing: Using a USP 60 cm’:20 ml ratio, 
material samples are extracted with an appropriate amount of 0.9% sodium 
chloride USP solution (SC) for 1 hour at 121°C Pooled rabbit blood is 
diluted with SC to a constant hemogfobin concentration, Based on a ratio of 1 
ml diluted blood:8 ml vehicle, the appropriate volume of diluted blood is 
added to the test sample and control (positive and ative) tubes. The tubes 
are inverted and then left stationary for 4 hours at 37’C Following the 
incubation, the supernatants are centrifuged for 15 minutes at 100 - 200 x g, 
transfered to new centrifuge tubes and centrifuged again for 5 minutes at 700 - 
800 x g. A 1 ml aliquot of each test supematant and. positive and negative 
supernatant is added to individual 3 ml portions of Drabkin’s reagent and 
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allowed to stand for 15 minutes at room temperature, The absorbance of each 
sample is determined spectrophotometrically at 540 nm. A hemoglobin 
standard curve is prepared using Sigma Hemqgiobin Reference Standard and 
Drabkin’s Reagent. The hemoglobin concentration of each test article sample 
and the positive control are then determined by linear regression using this 
hemoglobin standard curve. The percent hemolytic index is calculated as 
follows: 

% Hemolytic Index = Hemoglobin Cont.. Of SC test x 100 
Hemoglobin Present 

The hemoglobin present is confirmed by adding 0.2 ml of diluted blood to 10 
ml Drabkins Reagent and obtaining absorbance readings at 540 nm. 

A hemolytic grade is assigned as follows: 

A mean hemolytic index of the duplicate SC test sampies of 2% or less is 
considered to be non-hemolytic. For the suitability of the system to be 
confirmed, the negative control must have an absorbance value 5 0.02 and the 
positive control must have a hemolytic index >, 85%. 

Material Mediated Pyrogenkity 

The test article is extracted in 0.9% sodium chloride solution, WSP using the 
USP ratio of 60 cm2:20 ml (surface area to veb>icle volume) for 1 hour at 37*C. 
No more than 30 minutes prior to injection, the temperature of three New 
Zealand White Rabbits are recorded. The rabbits then’ receive an intravenous 
injection of the extract at a dose of 10 ml/kg body weight. Rabbit 
temperatures are recorded at 30 minute intervals between I and 3 hours after 
injection. The maximum temperature rise for any snimal, compared to that 
rabbit’s baseline temperature, must be less than .O.S*C in order to pass the USP 
test requirement. 

IS0 Sensitization Study in the Guinea Fig ~M~xi~~atio~ ~~h~d~ 

0bjective:To identify potential allergensthat could cause delayed dermal contact 
sensitization. 
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Procedure: Fifteen aIbino guinea pigs of the Hartley strain per extract solution 
are used for this procedure; ten test animaIs and five negative control animals. 
The dorsoscapular area of the fifteen animals is shaved prior to the first 
induction phase. The test material is extracted in 0,9% sodium chloride or 
cottonseed oil following LISP Guidelines. 

Induction I 

Three pairs of intradermal injections are administered to the test and control 
animals as follows: 

a. 0.1 ml of 50350 (v/v) mixture of Freund’s Complete Adjuvant (FCA) and the 
chosen vehicle (both test and Control~animals) 

b. 0.1 ml of test material extract solution (or the vehicle in the case of the 
Control animals) 

c. 0. ‘t ml of a 1: 1 mixture of (a) and (b) [or (a) and the vehicle in the case of the 
Control animals] 

Induction II 

Six days after the injections, the animals are shaved again and 0.5 to 1 gram of 
10% sodium lauryl sulfate (SLS) in petrolatum is a&lied to induce mild acute 
infkunmation. The area is left ,uncovered for 24 hours. After removing any 
remaining SLS, Whatman No. 3MM filter paper saturated with 0.3 ml of freshly 
prepared test extract is applied to the previously injected sites. Control animals 
are similarly patched,with reagent control material Each patch is secured with 
nonreactive tape and the animal wrapped with an eliistic bandage. After 48 
hours, the patches are removed. 

Challenge 

Thirteen days after removal of the Induction II patches, the animals are shaved. 
The next day, a nonwoven cotton disk in a Hill Top Chamber@ is saturated with 
0.3 mL of the test extract or control vehicle and applied to the appropriate flank 
of each animal. After 24 hours the patch: is removed, at which time the sites are 
wiped and shaved. Observations are made for any signs of irritation or 
sensitization at 2 - 4 hours after shaving ,and at 48 and 72 hours after challenge 
patch removal. Scores are recorded for both etythema (redness) and edema 
(swelling) as follows: 

0 no visible reaction. 
1 slight erythema/slight edema 
2 well defined erythema/well defined edema 
3 moderate erythema/moder@e edema 
4 severe erythema to slight eschiar formation/severe edema 
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The response, pattern, character, and duration of any test animal reactions are 
compared to the controls. Any dermal inflammatury response at the test sites 
greater than that seen in any control condition was eonsidered evidence of a 
potential allergic response. 

SalmoneIla/MammaIian Microsome Mutageniej~ Assay (Ames Test) 

Purpose: To evaluate the mutagenic potential ,of the test article by measuring 
the ability of its saline and/or ethanol extract (or their metabolites) to induce 
mutations in histidine dependent strains of Sa~monella,Tv~himurium. 

Mentor has used two fat-ilities to perform this test. be foll,owing describes 
NAmSA’s prdcedure. 

Test Article Preparation: The test article is extracted in saline and ethanol 
following IJSP extract ratio requirements. !Vhen the test article was less than 
0.5 mm in thickness with a measurable surface area, the extractions are carried 
out at 120 cm2120 ml extraction medium, When the test article is in excess of 
1 mm thickness and of variable geometric dimension, no less than 4 grams test 
article per 20 ‘ml extraction medium ratio is used. The saline mixture is 
autoclaved at 121’C for 1 hour or incubated at 50°C for 72 hours. The ethanol 
mixture is extracted at 37°C for 24 hours or 50°C for 72 hours. 

Test System: The tester strains (TA98, TAIOO, TAlS35, TA1537, and 
TA 1538) used in this assay are derived from Bruce Ames’ parental Salmonella 
tvuhimurium LT2. The strains, have specific mutations in the histidine operon 
which block the histidine biosynthetic pathway resulting in histidine 
dependence (auxotrophy). Subsequent ‘mutations allow the strains to revert 
and regain histidine independence (prototrophy). 

These strains differ both in the gene in which the mutation occurs and the 
nature of the defect. The strains have been engineered to have characteristics 
making them particularly suited to be biological “red. flags” of genetic 
damage. These characteristics include:; alterations in the, bacterial cell wall 
which allow the relatively unimpeded passage of large or ionically charged 
molecules, loss of the endogenous ability to repair; certain types of DNA 
damage, and the presence of genetic factors which facilitate the fixation of 
DNA damage. 

Tester strains TA1538 ad TA98 detect frameshift mutations, in what are 
often known as “hotspots” of DNA. These are regions of the genome, which, 
when analyzed at the DNA sequence level, appear to have higher frequencies 
of mutagenic events than the rest of the genome. In the case of TAl538 and 
TA98, the hotspot occurs at an 8 nucleotide region of GC repeats (C-G-C-G- 
C-G-C-G) near the site of a frameshift mutation in the his D3052 gene. These 
strains are extremely useful in detecting:the ability of test material, especially 
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aromatic compounds, to induce frameshift mutations. The frameshift 
mutations subsequently restore the original nucleotide sequence to the & 
D3052 gene and the bacteria revert to histidine i~d~pe~de~~e. 

Tester strain TAl537, which has a mutation in the his C3076 gene, is also a 
strain which recognizes compounds inducing frameshift mutations. TA 1537 
is sensitive to some of the substances which revert >TA f 53 8 and TA98, but 
also reverts in the presence of other compounds as well. 

Tester strains TA 153 5 and TA 100 detect base pair. substitutions, primarily at 
GC residues, in the his C46 gene. Tester strain TABOO also detects frameshift 
mutations. 

Each of these strains also possesses the rfa wall mutation causing the loss of 
one of the enzymes responsible for the synthesis of part of the 
lipopolysaccharide layer of the cell wall. This cell wall. deficiency increases 
the permeability of the cells to certain classes c$ test agents, such as 
compounds containing large ring systems, which would be excluded by a 
normal intact celI wail. 

A second stable mutation is a deletion in the u gene that results in a 
deficient DNA excision-repair system (uvrB) and further enhances each tester 
strains’ sensitivity to some mutagens. ’ 

Tester strains TA 100 and TA98 also~ harbor an additional genetic element, the 
pKMlO1 plasmid (carrying the R-fact&), which increases the sensitivity of 
these two strains to some mutagens. 

Metabolic Activation: The metabolic activation system used in this assay is 
the Aroclor 1254~induced rat liver S-9 microsomal enzyme fraction. The S-9 
is prepared from male Sprague-Dawley .;rats induced with a single 500 mg/kg 
intraperitoneal injection of Arocior 12$4 five days before sacrifice. After 
sacrifice, the liver is excised and homogeni&ed. The S-9 microsomai enzyme 
fraction is prepared, aliquoted, and stored at approximately -7OoC. The 
microsomal enzyme mixture (S-9 mix) is prepared immediately before its use 
in the mutagenesis assay. 

The microsomal enzyme mixture introduces an active enzyme fraction into the 
assay system. These enzymes may’generate metabolit mutagens from the test 
article extracts and expose the test systeni to mutagens that might not 
otherwise be present in vitro. 

Tester Strain Controls: All tester strain,cuftures are evaluated for the correct 
genotype and characteristic mean number of spontaneous revertants in the 
presence of the vehicle control solutions. The pesence of the rfa wall 
mutation is confirmed by demonstrating a sensitivity to crystal violet. The 
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presence of the UB deletion is confirxned by demonstrating a sensitivity to 
ultraviolet light. The presence of the pKMlOl plasmid is confirmed by 
demonstrating a resistance to ampicillin. 

Negative Controls: Vehicle controls consisted of 0.9% saline and 100% 
ethanol and are added to cell cultures at the same concentration as the highest / 
test article extract concentration. 

Positive Controls: Since the tester strains used in the assay respond to 
different classes of chemical mutagens, the different strains are challenged 
with an appropriate agent to demonstrate an acceptable increased mutation 
response. The positive controls for the various ,tester strains and assay 
conditions are provided belaw: 

Tester S-9 Present 
Strain in Culture Plate 

Positive 
Controls 

Concentration 
per Culture Plate 

TA98 
TA98 
TAlOO 
TAlOO 
TA1535 
TA1535 
TA1537 
TA1537 
TA1538 
TA1538 

Yes 
No 
Yes 
No 
Yes 
NO 

YW 

NO 

Yes 
No 

2-Aminoanthracene 
2-Nitrofiuorene ’ 
2-Aminoanthracene 
Sodium azide 
2-Aminoanthracene 
Sodium azide 
2-Aminoanthracene 
9-Aminoacridine 
2-Aminoanthracene 
2-Nitrofluorene 

1.0 ug 
1 .Q ug 
l.Oug 
1 .o ug 
1 .o ug 
1.0 ug 
I .o ug 

75.0 ug 
1 .O’ ug 
1.0 ug 

Plating and Toxicity Determination: Each test article extract is tested at seven 
dose levels. All dose levels are plated in triplicate. Test article extracts are 
serially diluted immediately before use. 

Overlaid on plates containing bottom agar is, the to agar mixture. The top 
agar mixture contains either: 

1) 100 ul of tester strain and SO* ul of vehicle. or test article extract (or 
extract dilution) and 2.5 ml molten selective fop agar, or 

2) 100 ul of tester strain, 50 ul of vehicle or test article, 500 ul of S-9 
mix, and 2.0 ml molten top agar. 

After the overlay solidifies, the plates are inverted and incubated for 
approximately 48 hours. After the incubation period, the plates are evaluated 
and colonies counted. The condition ‘of the bacterial ackground lawn is 
evaluated for evidence of test article extract toxicity relative to the vehicle 
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control bacterial lawn. The presence of test article precipitate is also noted. A 
dose level is considered toxic if the f&awing criteria are ret: 

1) a 50% reduction in the mean number of revertants per plate as 
compared to the mean vehicle control value which is accompanied 
by an abrupt dose-dependent drop in the revertant count and 

2) a reduction in the background lawn. 

Plate Scoring: For each replicate plating, the mean and standard deviation of 
the number of revertants per plate are calculated. For the test article to be 
evaluated positive, its extract must cause a dose-related increase in the mean 
revertants per plate of a least one tester strain with a minimum of two 
increasing concentrations of test article .extract. For strains TA 153 5, TA 1537 
and TA1538 a data set is judged positive if the increase in mean revertants at 
the peak of the dose response is equal to or greater than three times the mean 
vehicle control value. For strains TA98 -and TAl&I the increase must be 
equal to or greater than two times the mean vehicle control value. 

For a valid test, each tester strain culture must have an appropriate number of 
bacteria plated, demonstrate the correct genotype, and have the characteristic 
number of spontaneous revertants. The mean of each positive control must 
exhibit at least a three-fold increase in the number of revertants over the mean 
value of the respective vehicle control. 

Mentor also uses BioReliance (Microbiological Associates) of Rockville, MD to 
perform the Ames test. The folkwing desscribes BioReliance’s test 
procedures. 

BioRliance uses the same SdmuneZZa test strains as NAmSA with the exception 
of E. Coli tester strain WP2 uvrA replacing TA 1538,’ The positive control for 
this E. Cdi tester strain without S9. activation is 1000 pg/plate methyl 
methanesulfonate. During the plate incorporation te.st, BioReliance scores the 
background lawn for evidence of test article toxicity usmg the following codes: 
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particles detected by the automated colony counter 
total less t&n 10% of the revertant colony count 

less than 3 particles on a plate with 30 

exceed 1 O”/o of ,the revertant colony count (e.g., 
more than 3 particles on a plate with 30 

Code 1 Descrintion Characteristics 

For the test article to be evaluated positive, its extract must cause an increase in 
the mean revertants peer plate of at least one tester strain. Data sets for tester 
strains TA1535 and TA1537 are judged posiiive if the increase in mean 
revertants is equal to or greater than three times the me&n vehicle control value. 
Data sets for tester strains TA 98, TAlOO, and WE?uvr;4~ are judged positive if 
the increase in mean revertants is equal to or greater than two times the mean 
vehicle control value. 

Many of EGoReliance’s criteria for a valid test are similar to NAmSA’s. In 
addition, a minimum of one non-toxic dose he! is required to evaluate ,assay 
data. A dose level is considered toxic if one or both of ihe following criteria are 
met: (1) A 250% red&ion in the mean number of revertants per pfate as 
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compared to the mean vehicle control value. This reduction must be 
accompanied by an abrupt dose-dependent drop in the revertant count. (2) A 
reduction in the background lawn. 

Four Week Rabbit Stibcutaneous Implant with Hist~patho g-y (Short Term) 

Objective: To evaluate the local tissue effects (irritation and toxicity) of the test 
article in direct contact with living subcutaneous tissue. 

Procedure: Two albino rabbits of the New Zealand White variety are each im- 
planted with six strips of test material each measuring 10 mm x 1 mm (or the 
equivalent in sections). Four negative controls con&&of 10 mm x 1 mm USP 
plastic strips. 

The animals are clipped free of fur over their dorsum +md both flanks. The 
subcutaneous tissue on each side of the vertebral c~1um.n is infiltrated with 
lidocaine. Implantations are performed using 16 .gauge needles aseptically 
loaded with the test material or the negative control.. The needle is inserted into 
the tissue and withdrawn over a stylet to leave behind the material in the tissue. 
Material strips-are implanted 2 to 3 cm apart in the subcut&eous tissue next to 
the vertebral column. The negative control, strips are implanted in the 
subcutaneous tissue on the opposite side of the ve 

The animals are observed daily and their body wrists recorded prior to 
implantation and at termination. At four weeks, the anima1.s are euthanized and 
the implant sites are examined macroscopically, Capsule formation and other 
signs of irritation are scored. Representative tissue sites (test and control) from 
each rabbit are dissected free and fixed in formalm. These sections are 
embedded, cut, and stain&J for evaluation’by a board certified pathologist. 

At NAmSA, capsule formation or other evidence of reaction is scored on a scale 
of O-4 as follows: 

0 no capsule, no adverse reaction (0.ther than minimal hemorrhage). 
1 up to OSmm capsule or reaction area. 
2 0.6 to 1 .Omm capsule or reaction tiea* 
3 1.1 to 2.Omm capsule or reaction area. 
4 >2.a= capsule or reaction area. 

Mean macroscopic scores for test implants will be coqpared with mean scores 
of control &es. In general, the requirements of the test are met if the difference 
between the average test bd negative control scores does not exceed 1 .O. The 
requirements of the test are not met if the. difference between the test and control 
score for two or more implant sites exceeds one for any animal implanted. 
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90 Day Rabbit Subcutaneous Implant with Hisfopathology (Long Term) 

Objective: To evaluate the local tissue effects (irritation and toxicity) of the test 
article in direct contact with living subcutaneous tissue 

Procedure: Two albino rabbits of the New Zealand wite variety are each im- 
planted with six strips of test material each measuring 10; mm x 1 mm (or the 
equivalent in sections). Four negative controls consist of 10 mm x 1 mm USP 
plastic strips. 

The animals are clipped free of fur over their dorsum and both flanks. The 
subcutaneous tissue on “each side of the vertebral column is infiltrated with 
lidocaine, Implantations are performed using 16 gauge needles aseptically 
loaded with the test material or the negative control. The needle is inserted into 
the tissue and withdrawn over a stylet mleave behind’,the material in the tissue. 
Material strips are implanted 2 to 3 cm apart in‘the subcutaneous tissue next to 
the vertebral cohunn. The negative control strips are implanted in the 
subcutaneous tissue on the opposite side of the vertebr 

The animals are observed daily and their body weights recorded prior to 
implantation, monthly, and at termination. At 9Q days, the animals are 
euthanized and the implant sites are examined macroscopically. Capsule 
formation and other signs of irritation are scored. presentative tissue sites 
(test and control) from each rabbit are dissected free and fixed in formalin. 
These sections am embedded, cut, and stained for evaluation by a board certified 
pathologist. 

At NAmSA, capsule formation or other evidence of reaction is scored on a scale 
of O-4 as follows: 

0 no capsule, no adverse reaction (other than minimal hemorrhage). 
I up to QSmm capsule or reaction area. 
2 0.6 to I .Omm capsule or reaction area. 
3 1.1 to 2.0mm capsule or reaction area. 
5 >2.Omm capsule or reaction area. 

Mean macroscopic scores for test impl,ants will be compared with mean scores 
of control sites. In general, the requirements of the test are met if the difference 
between the average test and negative control scores does not exceed 1.0. The 
requirements of the test are not, met if the difference beween the test and control 
score for two or more implant sites exceeds one for any’ animal implanted. 

One Week Rabbit Inframuscufar Implant with ~~st~p~t~o~o (Short Term) 

Objective: To evaluate the potential for a local irritant or toxic response to the 
test articIe in direct contact with living muscle tissue. 
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Procedure: At least two albino rabbits of the New Zealand %‘hite variety are 
each implanted with a minimum of six strips of test material each measuring 10 
mm x 1 mm (or the equivalent in sections). The sterile test samples are 
implanted in the pamvertebral muscle on one side of the spine while four sterile 
negative controls consisting of 10 mm x 1 mm U egative control plastic 
strips are implanted in the opposite muscle. All test imens and controls are 
implanted aseptically using 16 gauge needles while the animal is under sedation 
and local anesthesia. The needle is inserted into the muscle and withdrawn over 
a stylet to leave behind the material in the tissue. 

The animals are observed daily and their body weights recorded prior to 
implantation and at termination. At one week, the animals are euthanized, the 
paravertebral muscle is dissected free, and the implant sites are located and 
examined macroscopically. Representative tissue sites (test and control) from 
each rabbit are dissected free and fixed +n formalin. These sections are 
embedded, cut, and stained for evaluation by a board certified pathologist. 

At NAmSA, capsule reaction or other evidence ,of reaction is scored on a scale 
of O-4 as follows: 

0 no capsule, no adverse reaction (other than minimal hemorrhage). 
1 up to 0Sm.m capsule or reaction are&. 
2 0.6 to 1 .Ornm capsule or reaction area. 
3 1.1 to 2.Omm capsule or reaction area. 
4 >2.Omm capsute or reaction area. 

Mean macroscopic scores for test implants will be compared with mean scores 
of control sites. In general, the requirements of the test are met if the ,difference 
between the average test and negative control scores do& not exceed 1 .O. 

30 Day Rabbit Intramuscular Imp&t with ~~st~pa~hol~~ (Short Term) 

Objective: To evaluate the potential for a local irritant or toxic response to the 
test article in direct contact with living muscle tissue. 

Procedure: At least two albino rabbits of the New Zealand White variety are 
each implanted with a minimum of six strips of test materiai each measuring 10 
mm x 1 mm (or the equivalent in sections). The sterile test samples are 
implanted in the paravertebral muscle oa one side of the spine while four sterile 
negative controIs consisting of 10 mm 1x 1 mm USP negative control plastic 
strips are implanted in the opposite muscle. All test specimens and controls are 
implanted aseptically using 16 gauge needles while the animal is under sedation 
and local anesthesia. The needle is inserted into the muscle and withdrawn over 
a stylet to leave behind the material in the tissue. 
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The animals are observed daily and their body weights recorded prior to 
implantation and at termination. At 30 days, the animals are euthanized, the 
paravertebral muscle is dissected free, and the impkant sites are located and 
examined macroscopically. Representative tissue sites (test and control) from 
each rabbit are dissected fke and fixed in form&n. These sections are 
embedded, cut, and stained for evaiuation by a board certified pathologist. 

At NAmSA, capsule reaction or other evidence of reaction is scored on a scale 
of O-4 as follows: 

0 no capsule, no adverse reaction father than minimal hemorrhage). 
1 up to OSmm capsule or reaction: area. 
2 0.6 to 1 .Omm capsule or reaction area. 
3 1.1 to 2.Onu-n capsule or reaction area. 
4 >2.Omm capsule or reaction area. 

Mean macroscopic scores for test imp&&s will be compared with mean scores 
of control sites. In genera& the requirement-s of the test are met if the difference 
between the average test and negative control scores does not exceed I .O. 

g&Day (or Thirteen Week) Rabbit Intramyscular I~~l~~~ with Wistopathology 
(Long Term) 

Objective: To evaluate the potential for a local irritant or toxic response to the 
test article in direct contact with living muscle tissue. 

Procedure: At least three albino rabbits of the .New Zealand White variety are 
each implanted with a minimum of six strips of test material each measuring 10 
mm x 1 mm (or the equivalent in sections). The sterile test samples are 
implanted in the paravertebral muscle on one side of the spine while four sterile 
negative controls consisting of 10 mm ‘x 1 nun USB negative control plastic 
strips are implanted in the opposite mu&e. All test specimens and controls are 
implanted aseptically using 16 gauge needles while the animal is under sedation 
and local anesthesia. The needle is inserted into the muscle and withdrawn over 
a stylet to leave behind the material in the tissue. 

The animals are euthanized after 90 days of impi~tation and the implant sites 
are examined macroscopically. The paravertebral muscles are dissected free and 
the tissue is methodically cut to locate the six implanted test articles and negative 
controls in each rabbit. Representative tissue sites (test and control) from each 
rabbit are dissected free and fixed in fofamnalin, These sections are embedded, 
cut, and stained for evaluation by a board! certified patbtilogist. 

At NAmSA, capsule reaction or other evidence of reaction is scored on a scale 
of o-4 as follows: 
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0 no capsule, no adverse reaction (other thanmin;lmal hemorrhage). 
1 up to 0.5 mm capsule or reaction area. j 
2 0.6 to 1 .O mm capsule or reaction area. 
3 1.1 to 2.0 mm capsule or reaction area. 
4 >2.0 mm capsule or reaction &ea. 

Mean macroscopic scores for test implants will be compared with mean scores 
of contra1 sites. In general, the requirements of the te!t are met if the difference 
between the average test and negative control scores does not exceed 1 .O. 

At American Edwards Laboratory, the irnpl~ta~io~ sites are evaluated 
somewhat differently. A positive response includes visible inflammation or 
necrosis of the tissue adjacent to the test sample. A negative reaction shows no 
visible evidence of tissue damage. The test material is judged nontoxic by this 
procedure if four of the five test material,implant sites are negative. 

Microscopic evaluation is usually perlormed as well. A minimum of two 
representative tissue implant sites for each test and control for each rabbit are 
excised and histologically prepared. The evaluation. is conducted by a board 
certified pathologist. Any resulting response determined from the difference 
between test and control values will be braded as non-irritant, slight, moderate, 
or severe irritant (NAmSA) or simply: as .a ~~~i~t or irritant (American 
Edwards Laboratories). 
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LOW BLEED GEL-FXLLED ~~MMA~~ OSTHESES 
IECAW M.ATERIAL$i TESTIER 

Mentor’s raw material testing is meant to insure that the materials used in manufacturing of 
implantable devices is deemed biocompatible and no&toxic prior to fabrication of finished 
products. These early tests are used to screen for materials with obvious biological 
incompatibilities. However, final verification of a materials b~~~o~~~~ s&ability for a device 
is only made after biological testing has been completed tin sterile fini&ed product. 

This section describes the raw materials qualification testing for the #Smooth and Siltex Gel- 
filled Mammary Prostheses. Because Mentor uses the same materialsin like components and 
in multiple components for Smooth and Siltex Gel-fiIled Mammary -Prostheses, all of the 
materials listed below apply to all of the product lines contained in this PMA. Laboratory 
reports for all material biocompatbility testing presented in this se&ion are located in the 
Biological Testing Appendices, 

The testing requirements for mammary prosthesis raw: materials depend upon whether the 
material will be implanted long-term, implanted short-term, used intrakoperatively, is only part 
of the packaging, Comes in contact with the device during manufacturing, or is used only as an 
aid .in the manufacturing process. Based upon its intended us& Mentor Texas SOP-HS- 136 
(Material Characterization and Qualification) identifies chemical, physical andor biological 
tests to be performed on the materials. 

The remainder of this section details what biological materials qualification tests have been 
performed for every listed material used in the fabrication of Smooth and Siltex Gel-filled 
Mammary Prostheses (see the raw materials table in Sec$ion III, Device Description and Raw 
Materials), and the results of the tests. Generic descriptions of how t standard biological 
tests have been performed can be found in Section V, Description of St ard Biological Test 
Procedures Used By Mentor of this submission. Laboratory test reports for all bioeompatibility 
tests referred to in this section are located in the Biological Testing Appendices. 

MATERIALS IN THE FINAL PRODUCT: 

n biocompatibility tested as part of 
Because their testing ,used very similar sample preparation 

procedures, standardized ‘test procedures, and the same testing laboratory Mentor would 
use for most of our raw materials testin 

Cytotoxicity Study Using the IS0 Agarose‘Overlay Method 
LAL Kinetic-Chromogenic Assay 
Cytotoxieity Study Using the IS0 Elutiori Method 
Hemolysis Study - IN VITipO Procedure (Extraction Meter) 
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IS0 Acute Systemic Toxicity in the Mouse (Saline, Alcohol, 
Polyethylene Glycol, Cottonseed ciil Extracts) 

IS0 Acute: Intracutaneous Reactivity Stugy in the Ra 
Alcohol, Polyethylene Glycol, Cottonseed Oil Extracts) 

IS0 Muscle Implantation Study in the Rabbit with Histopathology 
(One Week) 

IS0 Muscle Implantation Study in the Rabbit with Histopathology 
(Thirteen Weeks) 

Bacterial Reverse Mutation Assay (Saline and DMSO Egtracts) 
Rabbit Pyrogen Study (Material Mediated) 
IS0 Skin Irritiation Study in the Rabbit (Single Exposure) 
IS0 Sensitization Study in the Guibea Pig (Maximization 

Method)(Saline and Cottonseed Oil Extracts) 

The - raw material, tested as cured slabs or extracts from the cured 
slabs, passed all of the above biocompatibility tests. [See Mentor’s PMA 
#P910037/A49, dated April 9, 1999, Vol 7, pg I3 13 for the original copy of the MAE 
access letter.] 

v. has been biocompatibility tested as part 
Because their testing:used very si 

procedures, staridaidized test procedures, and the same testing labor 
use for most of our raw materials testing, Mentor did not repeat t 
testing on this raw material, Instead, the reviewer is referred to 

in the;test.ing informatio,n, Sections 30 - 34 
for the following reports: ’ ’ -. 

Cytotoxicity Study Using the IS0 Agarose:Overiay Method 
LAL Kinetic-Chromogenic Assay 
Cytotoxicity Study Using the IS0 Elution Method 
Hemolysis Study - IN VITRO Procedure (Extraction Method) 
IS0 Acute Systemic Toxicity in the Mouse (SaIine, Alcohol, 

Polyethylene Glycol, Cottonseed Oil Extracts) 
IS0 Acute Intracutaneous Reactivity Study in the bbit (Saline, 

Alcohol, Polyethylene Glycol, Cottonseed .Oil Extracts) 
IS0 Muscle Implantation Study in the Rabbit ~with Histopathology 

(One Week) 
IS0 Muscle Implantation Study in the Rabbit with ~i~topathology 

(Thirteen Weeks) 
Bacterial Reverse Mutation Assay (Saline and DMSO Fxtracti) 
Rabbit Pyrogen Study (MateriaI Mediated)’ 
IS0 Skin Irritiation Study in the Rabbit {Single Exposure) 
IS0 Sensitization Study in the Guinea Pig (Maximization 

Method)(Saline and Cottonseed Oil,Extracts) 
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The -raw material, tested as cured slabs or extracts from the cured 
slabs, passed all of- the above biocompatibility tests, [See Mentor’s PMA 
#P910037/A49, dated April 9, 1999, Vol 7, pg 13 12 for the original copy of the MAF 
access letter-] 

Mentor sponsored testing performed by NAmSk around 1994 in accordance with Good 
Laboratory Practices: 

Agar Overlay - 

in order .to determine the potential .for cytotoxiciti. A 1 cm’ portion of 
‘el&stomer, a USP negative control, and a positive 

control were eakh placed on an agarose surface directly overlaying a 
confluent monolayer of L-929 mogse fibroblast cells, After incubation 
at 37°C for 24 hours, the cell culture was examined macroscopically for 
cell decolorization to determirie the zonti: of cell lysis and 
microscopically to determine cell moi-photogy in proximity to the test 
article. 

Under the conditions of this study, the test article showed no evidence of 
causing cell lysis or toxicity. As ‘anticipated the negative control was 
nontoxic and the positive contro1 Was toxic. The test article, 

elastomer, wouid not be’ considered toxic to L-929 mouse 
fibroblast cells in this test. 

Hemolysis, ivr vitro, direct contact - 

Duplicate tubes of 2 gm of the test ‘&tide, elastomer -, 
added to 0.9% sodium chloride US? soltition [SC) were prepared. A’0.2 
ml sample of whole rabbit blood was then added to the test article in IO 
ml of the SC vehicle. A 0.2 ml stiple of whole rabbit blood was also / 
mixed with 10 mf of SC (negativ? control) and 10 ml purified water 
(positive control). Each tube was inverted gently to mix the contents and 
incubated at 37” C for one hour. Spectrophotometric readings at 545 nm 
were taken for each solution. The percent hemolysis for each solution 
was calculated from the absorbance values. Under the conditions of this 
study, the combined SC and blood in direct co&act with the test article 
would not be considered hemolytic; the mean .hemolysis value of 0% 
was acceptable. 
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Hemolysis, in vitro, saline extract - 

Hemolysis testing of the test article extract was performed to determine 
whether ieachables from the test @-ticl,e would Cause hemolysis in vitro. 
The test article, elastomer, was extracted (90 cm2 of 
the test article to 30 ml volume of thk extract vehicle) in 0.9% sodium 
chloride USP solu&on (SC) Bt I2 i°C. for i hour. The test material was 
not considered hemolytic since‘ the mean hem+& value of 0% was 
acceptable. 

Sensitization (Maximization), Guinea Pig,. Saline Extract - 

Sodium chloride extracts, 4 gm: 20 I& 0.9% sodium chloride 
(SC) of the test article, were evaiqated fior’delayed contact sensitization. 
The test article was extracted in SC for 72 hours at 50” C. The vehicle, 
SC, was similarly prepared to serve as the control. The challenge sites 
were scored over a 96 hour perk&for erythema and edema. Test article 
sites were compared to the negatiite control challenge (control vehicle) 
and the positive control (0.1% i 1 -chlora-2Z4-dinitrdbenzene (DNCB) 
solution. Under the condition% of’this study, th& SC test article extracts 
and the test article ~elastomer showed no evidence of 
causing delayed de 

el+stomer biocompatibility testing as 
s tiaterial. See Group IV, Biological 

tion, Section 26-30 for copies of the reports. 
[See Mentor’s PMA #P910037/A33 dated.November 9, 1995, Vol. 1, pg 13 for 
the \im.] The testing consisted of the following: , 

In Vitro Cytotoxicity Study (USP Elution Method) 

elastomer test article (designated by the vendor for testing as 
was extracted in sea-supplemented Minimum Essential 

Medium at a ratio of 60 cm2 s+trface area of test article to 20 ml 
extraction vehicle. The test article extract wa5 placed onto duplicate 
confluent monoIayers (80% or greater by 48 hours) of L-929 mouse 
fibroblast cells. Separate confluent monolayers. (80% or greater) of L- 
929 mouse fibroblast cells were’ prepared for negative and positive 
controls. The test and negative monolayers were examined 
microscopically at 48 hours to determine any change in cell morphology. 
The monolayer in the positive control plates was:examined at 24 hours. 

Scoring for cytotoxicity was based on a grading, scale from 0 (no 
toxicity) to 4 (severe toxicity) Theetest aiticle insets the requirements of 
the test if neither of the monolayers exposed to the test medium showed 
greater than a grade 2 {mild). 
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Under the conditions of this study the MEM test extract showed no 
evidence of causing cell Iysis or toxicity greater than a grade 2 (mild). 
The negative control and the positive control Rerformed as anticipated. 
The MEM test extract meets the requirements oP the USP. 

In V&o Cytotoxicity Study (MEM Elution Method) 

elastomer test article (designated byi WaS 

extracted for 37°C for 24 hours in serum-supplemented Minimum 
Essential Medium at a ratio of 60 cm* surface area& test article to 20 ml 
extraction vehicle. The test article extract was placed onto duplicate 
confluent monolayers (80% or greater by 48 ‘hours) of L-929 mouse 
fibroblast cells. Separate confluent monalayer$ (80% or greater) of L- 
929 mouse fibroblast cells were prepared> foi negative and positive 
controls. Microscopic scoring was based on; monolayer confluence, 
vacuolization, swelling, crenation, and % lysis, 

Test and negative control monolayers were incubated at 37O C and 
examined microscopically to score ,for cytotoxicity at 24, 48, and 72 
hours of incubation. The positive control monqlayer titer was observed 
at 24 hours and the result compared to the NA@S;4 historic value. The 
positive control must be toxic within plus or minus one dilution of the 
NAmSA historical value. Under the conditions ,of this study, the MEM 
test extract would not be considered toxic to k-929 mouse fibroblast 
cells. 

USP Mouse Systemic Toxicity - 

The purpose of this study was to determine whether leachabtes extracted 
from the test article w c toxicity following 

The elastomer test article (identified by 
was extracted for I hqur at ,I 21”. C in 0.9% sodium 

chloride (SC) and cottonseed oil (CSO) at a ratio of 60 cm’:20 ml (test 
article surface area to volume of extraction.vehicXe). These extracts were 
injected into five mice (per abstract) by either the intravenous or 
intraperitoneal mute at a dose of SO ml/kg. Simikarly, 5 mice were dosed 
with corresponding blank SC and CSO vehi<les. The animals were 
observed immediately and at 4, 24, 48, and 72 hours after systekc 
injection for adverse reactions. Under the coriditions of this study, the 
test article extracts would not be considererii s$stemically toxic to the 
mouse at the prescribed USP dosage tested. 

89 


